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RESUME OF PRE EXPERIMENTS 


By Jacos Fetp,* Jun. Am. Soo.C.E. 


To Be Presentep Marcu 7, 1923. 
7 ‘This paper describes the first complete set of tests using large-sized appa-- 
 ratus for measuring directly by means of platform scales the components of the 
active pressure on a model wall, 6 ft. high and 5 ft. _ wide. ~The only restraints - 
on the wall were the n measuring ¢ devices. ¥ Tests with sand under v: various ne 
5 _ ditions, using vertical and battered walls | backed with wood, , glass, and ae = 
7 _iron, indicate the reliability of the Poncelet theory of the maximum wedge 
causing oblique pressure. ‘Tests with walls battered in both directions show 
that the di direction of the resultant pressure is p always: inclined to the normal at 


an angle equal t to the angle of friction ¢ on ‘the back ¢ of the wall. ‘The effect ct of 


‘surcharge does not agree e with the ordinary theoretical | assumptions. Settling 
and variations in temperature cause remarkable changes in the lateral pressure. 


_ The discussion of recent experimental data, together with a brief outline of 


~ the earlier ‘experiments, furnishes. only the 1 minimum information necessary for 
comparison between the former and the writer’s ‘results. The methods | of 
analyzing the earth- “pressure problem with the restrictions o1 on each method, are — 


7 the result of a study of more than 650 references, covering practically "every 

written on the subject of earth pressure. ‘The suggested practical 
for the determination of the pressure, in 1 retaining wall 
based on the data. 


> 


‘The experimental determination of lateral ‘earth was assigned to 
“ie: writer when he was appointed a Baldwin Fellow in Civil Engineering at 
the University of Cincinnati, during” July, 1919. ‘The problem has been 


st ‘studied by the Civil Engineering Department of the University since 1912, " 
when M. Braune, M. Am. Soc. C. then ‘Professor i in Civil: Engineering, 
- conceived the idea of a large size apparatus to test the lateral p pressure of soils. _ 
With the co- -operation of Professor OC. Meyers , of the ‘Department of 
‘Industrial Engineering, a preliminary design was made, based on that of 
Mueller- -Breslau,} ‘During 1916, B. H. Wolfkoetter, Fellow in Civil Engineer- 


-_ Norge.—These papers are issued before the date set for presentation and discussion. _ 
2 Correspondence is invited, and may be sent by mail to the Secretary. Discussion on the paper 

_ will be closed in August, 1923, and, when finally closed, the paper, with ere in "eat 

will be published in Transactions. 
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ie a the details for this ¢ design and the writer, under the advisership 


Professor Braune, completed the present design. Suggestions were made by 
- = several men, who are mentioned in n the description of the apparatus. To Pro- 
; — ferrs Braune is also ¢ due the credit of completing the apparatus, obtaining the 
necessary funds, ete. E. K. Ruth, Am. Soc. C. E checked the plans and 

computations of the design, Mr. Gerald “Fitzgerald aided the writer in 
assembling the apparatus and i in the preliminary tests. 3 The Stacey J Bros. G 


af 


Construction Co., of Elwood, f Ohio, furnished the measuring parts. of 


apparatus. 
— writer wishes to express | his 3 gratitude to Professor Braune, who, as 


at tes in 1919- 21, interested him ; in a the ‘subject and supervised the work of 

4 designing, constructing, and erecting s. He is also indebted to ff 

his later adviser, E. D. M. Soe. C. . who has 


on many suggestions ‘that have aided i in n bringing the experimental and theoretical 


{ More, Dean of the Graduate School of the University | of Cincinnati, and D. B 

-‘Steinman and F. ‘Schmitt, Members, Soc. E., for advice and 
z encouragement, without which the | writer | would probably not have completed 


Study. of the  earth- -pressure problem has been greatly hindered by of 

uniformity in notation. and in definitions. It is hoped that the following 
_ definitions of the factors entering the determination of the lateral | pressure 
~§ of granular materials, will lead to ‘standardization. As far i as possible, refer- 


ess confusion 


: =w ridth of wall, measured 
 h = height of fill, measured vertically. eR 
= 


= length of wall, measured along the back. 


weight of. wall, in pounds per cubic foot. past on 


= weight of fill, in “pounds: per cubic 


Cocficients: 


= coefficient of. cohesion, i in pounds ‘square foot. 
friction, corresponding to natural slope. 
“ind sf? oo friction of the fill on wall. 


t 
— 
— 
— 
For 
Ao 
han 
— 
Te 
tar 
v 
ig 
ence 18 made to the originator of each word or idea denned. “Lhe necessity TOY | a 
—— f such detail in definition will be understood from a comparison of the standard a ” 
books on the subject. There seems to be a hopel of nomenclature 
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1; normal; and 


angle the vertical thre ough toe and the back of 


the wall and is negative if the top p of the wall overhangs 


angle between the resultant pressure and the hori- 


= an gle of natural slope or repose. ao 
Ho. = angle of friction between wall and fill. 


angle between the free earth surface and the horizontal 
date and is negative i if the surface i is s below the horizontal. 


angle between the plane of rupture and the vertical. 


sure ad | (1 +: n) cos cos + Bs 


N, in the restricted wedge theory normal). 


see ~~ ow 


lard 


-solid, or fluid 

maximum angle that a ‘material can ‘assume is. its” natural: slope, or 
angle of 3 repose, which is designated by ‘the symbol The natural repose of 
liquids i is horizontal. The resistance of the g grains or particles of granular 
Tater ‘ials to” rolling | over each other tends to neutralize the effect of gravity in 
the material a level. At less than the 


ff 


| 


DETERMINATIONS OF LATERAL EARTH PRESSURES (605 
le by 
Pro- 
the 
and 
in 
Gas 
the 
4 
k of 
d 
wheal 
nade 
tical 
). Be 
and § — 
eted 
kof 
q 
| 
& — 
is 
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ols down. ‘Woltmann, in 1799, introduced the theory that the of the 


gle of Tepose must be the coefficient of friction of the granular material on 

tself, and, until: recently, this theory has been accepted. As the. angle of 
= is a surface ‘Phenomenon, a plane of equilibrium on the surface, one is 


‘not justified in assuming the same amount of resistance inside the ‘mass. ; 
_ Experiments have proved that the angle of friction inside the mass is not the J mov 


Internal 1 Resistance—The of friction is determined cexperi- 


4 mentally by m measuring the force required to move a known mass of material 
re esting on ona plane of the same material. It is found that two coefficients may 
determined, one corresponding to the force required to start 1 the mass in 
motion, the second, corresponding to the force ‘required to keep the mass s moving ‘ 
g uniformly. * In the first case, the force required is equal to ) the total resistance 
——- by the mass to she shearing along the plane. This r resistance e consists of | 
two parts: resistance of the particles to rolling ov over reach other, called 


coefficient 1 is called th the ‘coefficient of internal resistance” and the 


than the first, is called the “coefficient of internal friction” , and the 
corresponding angle i is the angle of internal friction. 


Internal Friction —It pointed o out by in 1883 ‘that 


7 formulas for the phenomena in a granular mass should be functions of the 
- angle e of i internal friction r rather than the angle of ‘Tepose. _ In ‘such phenomena, 
‘the mass is originally in a state of rest and changes toa ‘state of non- equi- 


librium, either motion or unbalanced : stress, whereas the angle of rey repose is 
‘measured after the granular mi material | changed from a state of non- 


"equilibrium to a state ate of rest. This prediction has been fully realized in 


of solid bodies and of the cohesion bodies. He assumed ‘that the 


same laws hold true for granular materials and with | only few exceptions, all 
writers on the subject I have made this assumption. 


1 —The on any surface is equal to a constant, that is, 


z the coefficient of f friction, times the total normal pressure on that surface. _ 
2—The | cohesion resistance is equal to a constant times the area 1 of the 


- Both forces act on the cotta ai aus in a direction opposite to that of the 


attempted motion. Whether the cohesion resistance is a cohesion, a surface 


oa “a attraction between like particles, or an adhesion, a surface attraction between 


unlike par ticles, i is a doubtful point. Iti is ‘probably an adhesion, because each 
grain is sented, more or less by a film of water. + In dry sand, there i is no. cohe- 


int o two sections by a pei the tet exerted by one mass are just ok 


ton 


byt the forces exerted b 7 the other mass. - Otherwise, ‘the plane would not be in 
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— 
equilibrium. Either secti section may be removed and replaced by a single resultant: a 
force without changing the state of equilibrium. he minimum value of 

: this resultant force i is the required strength of a wall that is to hold in n place the 
remaining section. If this force, which is called the “active earth pressure”, is 

7 _ increased, it will nik only hold the earth in equilibrium but will also tend to 


move it upward. Such : motion is resisted by the friction and cohesion in the _ 


mass. the force has been increased toa value that. just overcomes these 
g upward, it is called the 
“passive pressure’ A better name for it would be the “passive resistance 


to pressure” because it is equal to the latent resistance which the mass ‘can / 


exert to overcome forces tending to cause upward motion. Ar retaining wall 


& fumishes an n example ¢ of active pressure, usually called “lateral earth pr essure”. , %, 


causes 
ihe adjacent soil to heave, the} passive resistance of the soil has’ been exceeded. 
Determination of the Lateral Pressure—Three factors are for 
the « complete determination of the lateral ‘pressure, namely, 
tion, and point of application. The theories of lateral pressure eanno be 


aterial i is 


neither a solid n nor a ra liquid; it is a of the two. ‘The laws of 


granular materials have not been fully developed. ~All theories some 


—That the mass is homogenous. ure 


—That the material consists of grains, have the to rolling 


8—That the laws of hold true. 


se is the laws of cohesion hold true. Cohesion is usually disregarded, 
od in be: Ww e ge of Rupture.—If a a retaining wall were removed, some ( of the retained 
would immediately ‘slip down. Not all the “material above ‘the plane: of 


laws repose. would fall at the same time. The first slip is called the wedge or prism | - 
0 of rupture. _ ‘The surface that 1 is left is fairly plane and is usually called the > 


ane of rupture. < WwW eathering and shock will soon “cause the material to 


assume its natural ‘slope. is true that clay banks with overhanging tops, 
ditches with vertical sides, ete, are often seen, but they are merely examples 


in ‘which. the cohesion. is acting. Such banks and walls of ditches ‘will soon 


and assume sloping sides unless retained. 


ae — Coulomb and Wedge Theories. —The early wedge theories, derived by C 
£ the .. Mayniel, and Prony assume that the pressure | behind a wall is caused | 


ta: by the wedge of rupture exerting a normal ‘pressure c on the wall. ‘The result- 
ween 4 ‘a ant was assumed. to act at the one- ‘third point of tl the height of the wall. 

each 1840, developed the general wedge theory, i in which the resultant 

ei ¥ cot 
cohe- = __ Pressure was assumed to act at the angle of friction between the fill and the _ 
_ _ wall from the normal to the wall. In all the wedge theories, an expression for = 

the lateral pressure is derived i in terms of the wedge, and a maximum value 


obtained by setting the first derivative of the expression equal to zero. Cou- 


lomb, in 17 c 3, assumed the width of the wedge as the variable, with respect to a 
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- which the differentiation is performed ; all the other Gnetien assume the e wedge 
angle, that is, the the angle between the wall and the plane 1e of rupture, as the 
"Rankine and Stress Theories assuming: mass indefinite in extent: 
wa incompressible, the theory of the elasticity of ‘materials « can be applied | to. 
a unit parallelopiped ‘of volume in the retained mass of earth. a ie this 
-Inanner, , Rankine obtains his theory. Levy and Boussinesq generalized the 
stress ‘theory by. ’ taking into ace ount the effect et of the wall surface, calling it 
a restraint that causes a discontinuity. in the mass. (TaD 
iar _ Many minor theories have been issued, but Jack of space. prevents ev even an 


ie design of the large scale apparatus use used in the experiments was based 
on that of Mueller-Breslau in 1906, in that the same types of wall and bin 
4 were used. The readings, however, were to be obtained by 1 means of scales. 
The plans were submitted for correction and criticism to a number of well 
known engineers. — - The plans required a steel bin, 5 ft. high with side-walls 
that could move , parallel to. the 1 test wall, ‘thereby attempting | to eliminate t the 
 gide-wall effect. Professor H. Smith, of the University of. Pittsburgh, 
2 objected to this part of f the de design. - Careful analysis: by) Professor Braune and 
> = writer disclosed the error in this x method of trying to eliminate the effect 
<. 


of the side walls because any any motion on of tlie side- -walls, caused by forces exist- 
4 ing in the fill, changes the volume and : shape of the fill and prevents accurate a 


determination of the existing pressures. . William Cain, M. Am. Soe. C. E., 
‘dol J 


warned against too weak a test wall, as deflections of the wall will cause 
a dissipation of the forces i in the fill. The original design called for a thin ‘steel & 


wall, which v was to bec counterbalanced vertically. D. B. ‘Steinman, M. Am. Soc. 
Co. 1 eaiedtied' that the test wall be left entirely free, as a retaining - wall is 
not counterbalanced, but rests on the foundation. He also suggested that the | 
effect of different methods of placing the fill behind the wall be determined. 


Allen Hazen, Am. Soe. CE, suggested a a careful study ‘of the effect of 


Ts 


_ vibration: ‘and shock, as well as the question of packing and water content. z 
Robert A. Cummings, M. Am. Soe E., offered the aid of the Special Com- 


mnittee on the ‘Bearing Value of Soils for Foundations, ete., in the proposed 
investigation, , and suggested ¢ co-operation to prevent unnecessary duplication of 


work. Goldbeck, Assoc. M. Am. Soe. C. E., showed the writer the 


é ~ methods used by the U. S. Bureau of Public Roads in conducting large scale 

tests in highway research, and gave some valuable suggestions for the actual — 


4 te oll The apparatus, a as constructed, has proved entirely satisfactory, and it oa 
proved to be accurate, quite easy to manipulate and sufficiently flexible that 


Changes for the various tests could easily be made. th 


i 


o _ The following points were > considered i in the final design as necessary for 7 
determination of the lateral, pressures granular materials. 
(Fig. 1. The pressures are measured on a a “free” wall that closes one side of 
the bin. . This t test wall is by t two vertical, and three con- 
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"experiments with | sloped walls, and various 
‘surfaces. The size of the apparatus is ‘such that the arching a action of the 


- filling material may be neglected, the values obtained are not miniature, and 


yet no excessive labor is required. — In order to eliminate ‘side- wall resistance, 


that ps part of the fill that 1 may tend to move is made to rest against a steel plate 
supported | on roller wheels bearing against the sides of the bin. _ The ‘bin is is 


sufficiently large | to allow a full plane of of repose, has | provision for sloping sur- 
faces, and is 1 placed s so that the minimum labor is 3 required to fill and empty a 
8 is well drained and rests on a solid | entation, wm and is ‘situated so as to 
be free from vibrations and external shocks. 


Dimensions. —The bin of and is 5 ft. 6 in. 
wide, 9 ft. long, and 6 ft. high in front and 12 ft. high in the back, with walls — 
n. thick. - The “free” test wall occupies the entire front of the bin. al - 
ais of the bin has an opening 3 3 ft. wide, which is closed by planks to any 
required height and which facilitates the emptying of the bin. The top ‘of 
the bin has a slope of 34°, approximately the natural repose of sand. The 
length of the bin is 5 exitelent to allow a a full plane o of repose inside | it ‘when 
it is filled. ‘The side-walls are tied together front and back by a reinforced 
conerete beam 1 and are ‘supported between a longitudinal beam at the top and 
the floor at the bottom. /The floor of the bin i is placed 23- ft. above the founda 
tion to provide ample 1 room for testing apparatus also to simplify the opera- 


tion of filling and emptying. The foundation consists of a (12-in. 


concrete slab placed on packed cinders which assure drainage and eliminate 


vibrations. — ‘The floor i is 6 in. thick, and is supported on ‘three longitudinal 
_ walls, one ‘on ¢ each side and one on the center line, which are stiffened by three 


-walls, one at the back and two at the third points. floor, there- 
fore, is ‘supported on a cellular construction, the forward two cells of which 
are open in front. All these « cells: are connected by drain pipes to. prevent the 


collection of water. Drain holes were > left the floor. The entire structure 


| above the foundation was poured monolithic. The bin was made of concrete 
ee of the economy, a design for a a | steel bin nein been discarded. | Are 


It is made of in. by four 3 by 6-i -in. 
F and a 8 by 6-in. piece on top and 4 by 6-i in. piece on the bottom, horizontally 
The bin, which i is 54, ft. 1 wide, is faced with rough | timber to ‘give § a clear 5 width | 
of 5 ft., except i in f ront, where the friction plates o occupy the excess sp space. ce. Fd 
bent bolts through | the top horizontal timber, be hooked 
ei safely held when the apparatus is not being 
Two are bolted to each side stiffener, so that the face of 
pac the angles is in the plane « of the inner face of the wall and id the legs bear 
against the front of the bin walls. In this t manner, the wall is ; prevented from , 
noving toward the bin or against the filling material. Two short angles are 
lee into ‘the front faces of the bin walls, the faces of the er legs” 
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OF EARTH ‘PRESSURES 

of the angles being flush with the inner faces of the wails. By adjusting bolts 
that pass through these projecting legs, with the heads toward the test wall, 
. side or lateral motion of the gate is prevented. i Such lateral movements may y 
7 result from eccentricity. of filling, causing unbalanced forces in the plane of — 
the wall. By carefully watching these possible contacts, eccentricity may be 
‘detected. The method of changing the wall to take « care of special cases is- 

_ Several ; methods for measuring the pressures were investigated, but sae 
form scales , which ar are the simplest and most accur ate and sensitive ‘apparatus 
for measuring the forces acting on the test wall, were chosen. ‘The deciding — 
factor was the motion necessary to obtain readings. The platform scales used» 
were calibrated carefully to determine the deflection of the ‘platfrom u under 
various loads. — Two scales of 2.000 lb. capacity were used to measure the ver-— 
tical components, three scales of 1 000 Ib. capacity were used for the hori- 
zontal components. The seales are equipped with a ‘single beam having a slid- 
ing poise with set-screw. The beam, which reads 100 Ib. and has 0.5 5-lb. 
_ graduations, passes through a trig loop, limiting its range of motion to about — 
lin, _ which means a movement of 0.01 in. of the platform. — ‘To decrease this a 
"movement, special stops. were inserted in the scale cap over the end of th 


beam, _ These stops were shaped like an inverted T, with the he horizontal on ; 


q 


“the oa of the scale. By adjusting ‘the stop, sl’ movement of the beam can 


be reduced to J; in., the platform movement then being 355 in. Later, 
| 


_ it was decided to double these values, because of the difficulty of detecting the 


pera- 


orced 
inate 


‘point of balance when the range of motion of the beam was so small. 
4 

1 


The Contacts. “free” gate is restrained by two vertical and three 
horizontal supports. The two vertical | supports are symmetrically placed, at 


about the quar ter-point 's, and rest directly on the platform scales. HM (See Fig. 1. ‘i 
: Each vertical ‘support consists of a 1-in. steel rod, the upper end of which is 


vi 


“pointed and bears into a steel bearing-plate screwed to the wooden wall. ~The 
‘| 33 


ower end, which is threaded, is into a steel contact point which rests 
on a steel plate placed on the scale platform. These contact points allow -. 
amount of adjustable motion of the test wall vertically. By raising 


‘one or ‘the other, the axis of the wall may be tipped in either direction. . Ine 


this” manner, the wall may be adjusted for eccentricity. When the wall ‘wis = a 
_vertical, the two scales had the same initial or no load reading, = a tr 


ha Three horizontal contacts were used to | give a stable system of support. As. 
the stress on the wall i is a function of the depth, the three supports are placed 


Bcd a triangle, ‘one at the | top in the center, and one in each of the lower ie , 
yt 


ners. | Steel plates screwed to the wall at these points formed bearing plates. i 
Each horizontal support consisted of a strut pivotedto a bell- crank, by which | 
‘arrangement the horizontal pressure was transmitted vertically to the scale plat- 


bell-crank arms are in the ratio of 


Teading to one-half the actual pressure. The vertical strut consists of sale ' 
Sin, channels, at the lower end of which is an adjustable — contact point, 


consisting of a threaded 1 1-in. rod in a cast shoe. All parts are made v very rigid 
7” — deformations to negligible values and all pivots are fitted i in phosphor- 
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bronze bushings ngs to reduce frictional resistance. adjusting the 1e threaded 


contact points, the test wall may be ‘moved o r tipped ‘about its lower 


and adjusted for any deviation o of the plane of e wall from the vertical. The 
_ bell- cranks 1 rest on steel plates fixed into ‘stiffened reinforced concrete posts. Pa 


ae ‘The scales were placed so as to make simultaneous rez readings possible. . This 7 


requir ed the compact arrangement shown in Figs. 1 and 2. Ino der to prevent: 


4 any possible wobbling of of the vertical supports, two lateral cross- -braces i in which 
tumnbuekles ‘were inserted, hooked to the rods. These turnbuckles 


The retarding effect of the side- walls has always introduced an element of 
uncertainty in earth- “pressure 1 measurements | made i in boxes and bins. . Wink- 
ler tried to ‘determine the resistance of each wall by duplicating his tests 7 


with a center partition. * The second set of tests v was | affected by four wall fric- a 
tion losses; whereas the firs st set was: affected by two friction losses. This" 


method h has been shown to be inaccurate. i the apparatus, it was decided to 
eliminate the resistance effect of the side- Bey The first method decided Se, 


"mentioned previously, was to have these walls on rollers, permitting slight 
motion ina direction parallel to the wall. It was thought that this flexibility . 


would remove the ‘effect of forces along il sides of the fill. The objection that | 


_ any such motion would cause a change i in the volume and shape of the fill, as 


well a as alter the stresses acting therein, caused the abandonment of this de- 

sign. Professor Braune then suggested a “method approximating actual con- 
“ditions. Behind a retaining wall » certain part of the fill tends to move 
toward the wall. ‘The earth back of any given length of wall i is not retarded 

the earth on “each side, because that too tends to 1 move. ‘It was | decided, 


_ therefore, to have part of the side- -walls of the bin movable i in ‘the direction in 
‘ 


- which the fill tends to move, that is, in a plane normal to the test wall. mare 
fl _ The part of the fill that tends t to move is approximately a a triangular prism, 
with bases s formed by the surface of the fill, the back of the wall, and the “plane 


of rupture”. ‘The wedge angle for sand is about 30 degrees. Two triangular 
‘steel plates of the required shape were made, each of which rests on ‘three 
bronze bushed rollers bearing against the side-walls of the bin. At 


at) wits 


points of contact the concrete was finished very smooth. That part 
_ the: side-walls not covered by these plates is faced with eae ag held to the 

sides by bolts through the walls, 80 ‘that the bin at uniform width of 5 ft. 
steel plates are accurately counterbalanced vertically. Preliminary 
_ made before the plates were counterbalanced s showed the necessity of eliminat- 


‘Z ing the pressure due to the tendency of these plates to ‘slip downward. Two 


rollers are placed at third points along the plane of rupture t to ee ae the 


«Sie between the plates and the wooden facing of the walls. Chg Rea 
_ In order to prevent sand flowing into the cracks, all joints were made as 
close” possible, thin strips of oiled paper, bent into angles, being placed 
along” all the edges of the test wall. The joint between the steel plates and ; 


- the ti timber was also covered with oiled paper. The area covered by this paper 
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3. Appanatus wiTH SCALES IN PLACE. 
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“errors 
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place 
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was small in comparison with ‘the total ‘exposed area that no account of 


| be The width of fil being 5 ft., losses due to the frictional resistances of the 
rollers back of the f friction plates: may be disregarded. No attempt was made 


to alter the shape « of the plates, as” the wedge angle | probably averaged very 
nearly 30 degrees. Some of the tests ‘were made with the plates overbalanced, 
that is, practically fixed. d. Although the resulting pressures are probably e 


the decrease is not very large. =" The error thus incurred does not exceed the ~ 


errors due to non-homogeneous fill or to slight differences or speed of — 
A brief description | of the apparatus | has been published,* but because of the - 


remarkable sex sensitivity and accuracy of the apparatus, this detailed denceiption 


is given for the benefit of those who m may plan to conduct experiments in the 
future. An exhaustive description of the design and method of operation | a - 


anu 


included i in a thesis presented by the writer in 1921, and is in the Library - a 


the Graduate School of the University of Cincinnati. . 


placed i in a vertical position by adjusting the vertical supports until the two. 
scales showed the vertical components to be equal. | A plumb- bob ‘suspended on 
the wall showed. whether the plane of the wall was vertical. All the horizontal _ 
contacts were then tightened until the i nae in readings on the scales showed © 


‘that the wall was bearing against the bin. ‘The contacts were then | adjusted 80 


as to give the minimum 1 readings ¢ on the scales, with the w all as close to the bin 


as possible. — Tn this manner, a minimum of opening between the edges of the 


W vall and the bin was ¢ obtained. The apparatus was then n left for at least 1 hour, 
“usually over night, a and the zero readings we were taken again. Readings could | 


be taken tot and were so taken at the beginning and end of each set—all 
other readings were taken to 


- Before ¢ any “material was placed in the bin, the riders on the scale- -beams _ 


‘were moved out, that is, the scales were overbalanced, to a point more than _ 
the next reading. _ After a definite height of fil had been placed, the riders | 


were slowly moved back, and the readings were taken as the beam just rose 
— the lower support of the trig loop. As soon as the reading was taken, the 


was aa from the bin. adios axis of the wall was: 


rider was run out again to a point beyond the next possible reading. This 


method probably reduced the motion o of the gate to one-half its possible 1 move- 


ment, or to in. 
7 - than the elastic deformation of the wall , or of any retaining wall. 7 ‘The pres- 


gure recorded, therefore, is the active pressure of the fill, and not the passive 


resistance of the fill caused by the movement of the wall. = = 


To test the sensitiveness of the method, 1 readings were often repeated in = 7 

as short | an interval of | time as possible, the results being usually identical and a 

‘seldom varying by 3 Ib. the average readings were about 500 and some-_ | 


times as much_ as 1 500 Ib., this variation is negligible. Bt 


vertical and re-}os in., horizontal, which are values less 


= 
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ponent 
‘momen 


move the entire height of the trig loop. Tn Table 1 in 


all th the other tables given , the scales aren numbered, as follows: "gravity 


No. 2 9 —The lower left (facing the bin) reading ic 


No. 3.—The lower right (facing the bin) reading. oof the 


all; vertical readings less the zero readings give timber 


the fil 


3 4 accur' 
-Scale-beam at highest point of trig loop { 
‘Scale-beam at middle point of trig loop 
Scale-beam at lowest point of trig loop (same 201 
ished 


|The movement of the was: ah in., by to a movement of inter 
deter 
fricti 
‘tests: to determine the effect of the of the wal, Tt may ‘be con- also 


x 
cluded, therefore, that for such values, the pressures are unaffected. 


-resti 
effect of larger movements could not be determined, because the trig loops « ad _ ‘Testi 


Ip In addition to the readings of the scales, a record was kept of the temper- 


ature, time of day, state of the w weather, and age of the fill in the bin. In the 
first. few tests, ‘readings were taken for every 3-1 Increase in height of ‘fill. 


This was changed to 6-1 -in. increments, too ‘much time | was “require ed, both 


The five readings give the magnitude, direction, and point of of 
“the resultant earth pressure. % ~The vertical component is the sum of the readings 
on Scales Nos. 4 and 5, less ie. initial ‘readings on these two ‘scales. + 4 The total 
horizontal component is twice the sum of the readings on Seales Nos. 1, 2, and 
8, after the initial ‘readings on these scales have been subtracted. The magni-— 
aa tude of the resultant can then be found. ‘The direction is the angle | the tangent 
7 of which is the ratio of the total vertical to the total horizontal ‘eomponent. 
By taking moments about ‘the intersection of a plane through | the vertical 
= supports and a plane through the lower horizontal supports, ‘the effect of these E 
four forces i is eliminated and the equality of moments caused by the upper hori- 
zontal support, and by the total resultant i is obtained. The upper horizontal 


a ‘support is 6.04 ft. above this line of intersection. Resolving the resultant into. 


- 2 a vertical component acting along the back of the wall and a horizontal com: 


cubic 


_ To determine the variation of pressures caused by greater mov 
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“ponent acting at a distance, x, above this axis of n ‘moments, and —_ 
- moments, the height, x, or the resultant t pressure ii is obtained. A vertical wall | 


“has 3 n0 moment, because the vertical supports are placed | under. its center of | 
rav ity. hen additional parts were attached to the wall, for glass- 


ests were performed with and sheet metal directly fixed to the back 


the wooden wall. walls sloping toward the fill, a “false” wall was at- 
tached to the wall at three points. At the foot, it was spiked to the main wall 
q and at the mid- point and at the top, _ the two walls were connected 1 by | heavy 
timber struts. Similar connections were used for the wall sloping av 1y from 
‘fill. - Because of the large vertical components in the latter case, sixteen 
wires were also run from the lowest point of the overhanging wall to various : _ 
points | in the main Ww valt to aid in transmitting the vertical component and in _ 


decreasing the deflection of the “false” wall. ‘. In both these cases, the additional 


parts were inside the bin, and care was taken to prevent contact on the floor or 


- binding along the sides. The results for walls v with considerable slope are not as as a 
: accurate as those for vertical walls. . Some of these tests were repeated to obtain - 


A sample of the material used in each test was taken. Air-tight cans, 


- holding about 15 lb. of ‘material, were filled when each test was about half fin- 


=, The natural slope, coefiicient of internal coefficient of 


also determined. The coefficient of measured by deter- 
mining the force required to start in motion a weighed quantity of muted’ 
: resting on the same material. — The force required to keep the mass in uniform 


motion gave the coefficient of internal friction. oT The material was placed in a 
_ cubical bottomless box that held 53 lb. of sand, and the lower edges were beveled — 


so that, practically, only the sand was in contact. The coefficient of internal 
resistances was taken a as a | measure of the combined effect of friction ‘and cohe- 


ean be 1 no cohesion during motion. The angles corresponding to 


coefficients a are called the . angles o of internal friction and internal resistance, eo 
: respectively. . The: angle of internal resistance in all eases (for sand) was wae 


OuTLine or TESTS 
The following i is is an outline of the tests performed: quis 
—Variation in physical properties of the sand under various conditions. — 


1 Tater pressure | of horizontal. fills against ¢ vertical wooden wall. a 


a glass -backed pily 


= 


ers. 
the 
the 
lin q 
re 
| 
| 
Ag 
\ 
5 
3 
of 
no | determined. The coefficients of friction and resistance (kinetic and static a 
wo | q 
i 
he 
| 
th 
of 
al 
1d — 
V.—Lateral pressure of sloping fills against : 
“ Vi—Tateral pressure of sloping fills against 4 
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—Lateral pres Pressure of sloping fills a shestm backed vertical 


III.—Lateral pressure of horizontal ‘lls lis against with Positive back 

IXx— —Lateral pressure of he horizontal fills against walls with negative back 

PP: X.—Lateral pressure of sloping fills ag: against a a wall with a amen betters of 

XII.—Lateral pressure of irregular fills against a vertical wooden wall. pit) 


of settling and changes of temperature on 1 the lateral ‘Pressure 
XIV. —Effect of static loads on the lateral pressure of horizontal fills ‘against 
Xv. —Effect of moving loads on the lateral pressure of tamped horizontal 
xv —Effect of static loads on the lateral pressure 0 of horizontal fills against 


f these tests were made during the spring of 1921 a the re- 
4 mainder during the fall and winter of 1921-22. ‘The filling and emptying of the — 


bin times the of about 150 of sand. 
Fer, 


del cut on Canal Street, Cincinnati, 
“4 Ohio, was used. When first obtained the specific gravity of the sand was about — 


2.6 and. the moisture content was 9 per cent. -Shoveled and slightly tamped 
into a box, it weighed 100 lb. per cu. ft. _ Exposure caused a slow drying, and 
during the last tests, the moisture content was as small as 3 per cent. ) The first 


7 tests, therefore, were made with a “damp” sand, the remainder with a “humid” 
sand in ‘accordance with the definitions of the Special Committee to Codify 
Present Practice on the Bearing Value of Soils for Foundation, ete. Moisture 
shad considerable influence on the other phys sical properties. OA - mechanical 


4 


passed .. 

The very little. olay pee dirt The was 
- determined by pouring the sand on a table to form a cone about 12 in. high, 7 
the slope being r measured d along six elements. -Fourd determinations of ‘coefficients 


0 of friction and of resistance were made. for e every sample. ‘At first, the coefficient | 


of resistance was measured by us using a spring scale and also by weights over” 
i fixed pulley. The results were practically identical, so that only ipeiepeing 


i? 


"scale method was used in the later tests. A complete set of physical tests was 


‘The unit weight of use material was a minimum (90 Jb. per cu. ft. ) when 
moisture © content was between 4 and 5 5 per cent. The slope 
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onthe the vaste the ss sand, dry sand having a slope of 30° 15’ and sand ol 
_ The same holds true for the angle of internal 

friction, which was 28° 19 ‘for sand and 34° for the very moist sand; and 

also for the angle of internal resistance, , which was 28° 15’ for dry ‘sand and 37° 
_ for the very moist sand. It should be noted that, for the dry sand, there is no- 


difference between the angles of friction | and resistance. This difference was 2° - 


for a moisture content of 3% and 3° for a 1 moisture content of 9 per cent. : . The _ 
-_intermediat e values are fairly consistent. — The difference between the internal 


friction and internal resistance is caused by the : adhesion due to av water film 
around each particle of sand. This property was called ‘ ‘cohesion’ > by yy Coulomb, - 


and the name is still used, although it is difficult to understand how cohesive 


forces can act between particles « or grains of a fill separated by a film of water. 
= film is always present, as there are no perfectly dry materials back of 


In order to determine the physical properties of the varied 


Ww ith the height of the fill, two loosely built wooden boxes, with no covers, were | 
embedded in the sand for three months, from June to September, one cube a 


being | 6 and the other 1 10 ft., below the surface. i» 
Physical tests o1 on the mater in cubes and of the surface material are 


given in Table 2. 


4 Weight pe per cubic foot. 
Moisture content 

Angle of natural slope... 

_ Angie of internal friction. 


> Because of the small samples used, little « can be concluded from those oii 
and further investigation is necessary. ° 


I Lateral Pressure of Horizontal Fills. Against a ‘Vv ertical Wooden Wall 


‘was ‘that results could be “duplicated. ‘and ‘the apparatus was 


and satisfactory. In Test No. 1 (Table 3), all figures and com 
_ putations are given’in order to show the method. |The columns” contain in the 


1 Height of fill in bin. 


Columns 7, 8, 9, 10, and 11.—The pressure recorded obtained by subtract- 


pe ‘Several tests were made during April an and May, 1991, while the 


Columns 2, 8, 4, 5, and 6.—The actual Scales Nos. 1, 
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| 
ponent, in 


‘Total 


horizontal 


| 


In PounDs., 


82° 30’, 


9 


87° 
84° 
40° 
80° 
5 
416 
582. 
694 


HORIZONTAL PRESSURES 
3: 


3 


mp 


ak 
5 


No. 


~ 


= 


(ul 


47 
685.5 


: 


ay 
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Me 


No. 4 


** natural slope 
friction on wall 


CALE MEASUREMENTS, IN POUNDS. 
é 


(static friction) dry 


internalfriction 


Angle of internal resistance 


ysical Properties 
Weight per cubic foot — 


No. 3. 


Ph 


No. 2, 
(8) 


‘ 

| 4 
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TABL 
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oye 


2-5 P.M. 


9 


— 


10-12° cent. (50-55° Fahr.) 
| 


Moisture content 


Rain. 


> 


vertical contact scale reading. 


May 12, 1921, 
Weather : 
Temperature: 


READINGS ON SCALES, IN PouUNDS, | 


- 
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— 
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Columns Nos. 2 and3 = bottom horizontal contact scale 


Columns Nos. 4 and 5 


-: Column No. 1.= top horizontal contact scale reading. 
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VOTUMOS NOS. « = VOLLOM CONTaCt SC; 


~ Columns Nos. 4 and 5 = vertical conta 


= 
ay 


4, 


Columns 13 and 1h: bottom H,, double 


‘el 
the sum of H, , and H,. 


7 Column 16. —The total vertical component, the sum of the vertical, a 


@ 


3 readings, found in Columns: 10 and 11. 


Columns “18, 19, and 20. —The horizontal component, the vertical 
Ponent, and the pressure per per foot of wall. 


we 


May 5, 1921, 2-4 p.m, 3-6 ft — ame as in Test No. 1 (Table 3 3). 


Direction 


(of P, 


May 4, 1921, 23 03 ft. 


RESSURES PER Foot, 
Toran IN | wer mm Pouune. 


: 

20° 
25° 
23° 40’ 
80° 50’ 
31° 30’ 
88° 10’ 
20" 
29° 55’ 
80° 00’ 
81° 20’ 
82° 20’ 
50" 
82° 10’ 
32° 10’ 
82° 30’ 
82° 20’ 
82° 10’ 
40’ 
30’ 

82° 10’ 
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Column 22 ?—The angle the tangent of which is the ratio of the total 
” vertical to the total horizontal component. 


for each type of test wall. The results are compared with three theories. The 
Coulomb theory, in which the wall friction is disregarded, is ‘shown by the 

coefficient of (4yh?) as N. In the case of a vertical wall, it is equal ‘to 
the horizontal component takes no account of vertical component. In the 
“cases of inclined walls, the horizontal component, as given by this theory, io 

_ denoted by Na. The g general wedge theory, in’ which the friction on | the wall 


is taken into account, is shown by the coefficient of (4 y h? ) as The hor 


zontal component is The Rankine theory, is shown by the coefficient of 


Columns 23 to furnish data 
on the ‘point of application of the total pressure, by, the formula developed ; 
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with hydrostatic: pressures, y the prs h the height 


To find the height of the total pressure, note that sia intersection of the 
Plane through the vertical contacts and through the lower horizontal contacts 


is s level with the bottom of the fill. “The upper horizontal contact is 6.04 ft. 
above this axis; the back of the ol (along which the vertical component, V, —_ 
a; is wi 23 ft. from the axis. Calling x the height a the horizontal component, _ 


The _ of the wall has no effect, because the vertical supports are below 
the center of f gravity. _ The large number of data i in each test 1 makes it imprac- 7 


tical to © pres resent all the tests in full. E xcept for the first test, only the essential — 
ATe 


| The bin was filled i in two days. The readings for the height a 36 6 in. a 
the averages of the readings ‘at the end of the first day and at the beginning 


of the second. . The high are due. to the settling | of the fill over 


Fs night (see Test xv for the effect of settling). The low values of « 


eginning of the test are caused by the wall, 


TABLE E 5.—Snowinc Comparison BETWEEN 
‘THE Case or A Horizontan Fit AND A VeERTIC AL Watt. 


in bin, Test No. 1 No. 2. 2. Avera 4 = 100 
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CURVES FOR VERTICAL WALL AND HORIZONTAL Fun 
itt ‘te PRESSURES PLOTTED ARE THE HORIZONTAL COMPONENT 


OF THE LATERAL PRESSURE PER FOOT OF WAL 
“+ Test No. 1 i’ 


| He % yh? tan® % ( -~) 


b= 37, Angle of Internal Resistance 
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The Coulomb and Rankine formulas are: cont 


hy I? tan® 4 00" — 4) (Ay h?) = R (byh?). 


Both theories give a horizontal resulta int ap 


0.248 


aioli = — 87°, the internal resistance, N = = tan? 26° j= 
= 34°, the internal friction, N= = tan? 28° 0288 


The total pressure in the general ‘wedge theory for thi is case is: 


for ¢ = internal resistance; ¢’ = = friction along the wall, - In C,, the nature — 
of the wall has been assumed to have no effect on the horizontal component. — 
Assuming that it has, for o= = 32° 30’, n = 0.818, 

H=0, cos = 0.193; n sin 

Conclusio 
It is evident ‘that a vertical component exists. The average e of all the 

4 readings ¢ gives 33° for the angle of inclination of the resultant | pressure. — The 


fill was quite moist, and the wooden wall , when it was exposed after the test, a 


— 


was 8 quite damp. | The coefficient of friction between the sand and a wet ‘yellow 


a pine board, across the grain (identical with { the case of the test wall), was found 


depending on 


point of application varies from 0.350 h to 0.400 
conditions. The « cause and nature of this variation, « as well: as that : of the i in- 


_ For this case, the Rankine and Coulomb. theories give the same formula, 


- which ; seems to give the amount of the horizontal component very ¢ closely, if the hy 
given to is the angle of resistance. Low values a are obtained 


thes average fo for; 

exactly to = tan? (90° $), in which o= 

mental value of the angle « of internal resistance was 37 


_ wedge theory gives low values both for the horizontal component and for the 


. total pressure, but the ratio is | the same as was found. The curves shown on _ 


Fig. 8 give a graphical « comparison between the two experimental results, 
Coulomb- Rankine theory for ¢= natural slope; and the formula, 


in which is the angle of resistance. ‘It was first assumed that 
_ Should be the angle of internal friction. © Graphical comparison with the ex- : 7 
perimental curves showed a ‘constant difference between theory and experiment, 


bie due to disregarding the effect of cohesion. Introducing the effect of 
7 _— ed the difficult 
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—Lateral Pressure of ‘Horizontal Fills Against Backed Vertical of 5 ft 
the back of the wooden wall 
a height of in. above a 2-in. . strip ‘of wood nailed at the bottom of the 
wall, and this held the glass anager and prevented slipping. Accuracy could: No. 6, 


not be expected because of the small heights used, and the method of fastening. oo 
TABLE 6.—Tzst No. 3. 


Qetober 8 81921. ont Weight per eubic 
‘Weather =Clear. gle of Natural Slope 85°80' 


Temperature = 12° cent. (54° Fahr. ) Internal Resistance = 33°50’ 
Moisture Content = = = 4. 9% ve wre +P * Internal Friction = 31°50 ae 


= 28°1 
TOTAL PRESSURES, IN PoUNDS, | PRESSURES, IN POUNDS PER Foot. 


>. 


107.5 | 24.5 158 “4 


uf 


tan? (90 — = = tan? 28°05 


of 
on the wall. It should be ‘noted that decreases as s the height of the fill 
creases, and a greater proportion of glass surface is is we vell 


doit 
an IV. —Lateral Pressure of Horizontal Fills 


Against a a Sheet-Metal-Backed Vertical Wall 


In order to determine whether the nature of the wall had any effect on ‘the 


lateral pressure, sheet ‘metal with a clean, polished surface its nailed to a 


height of 3 ft. directly to the wall. pe g | 


ft. 
pressure is, therefore, ‘independent of nature ‘of the wall. high ‘value 


~ for the angle of inclination was expected. : The surface of the sheet metal was 


_ rusted and roughened by the contact and rubbing of the damp sand. a. i. 


Pressure of of Sloping Fills. Against a Vertical ‘Wooden Wall. 


tests were 1 run to determine the lateral of horizontal fills 
_ against a —— wall. . In the first Test, No. 5 , the bin was filled to a depth 
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of 5 ft., with the surface sloping at the maximum possible angle below the hori- 
zontal. The fill was then changed, in intervals of about 3, , until the greatest 
possible slope above the horizontal was s obtained. In this manner, a | comparison 
be had of all possible -gurfaces- with a a fixed height of wall. In the second test, 


It was found to to’ use e the angle of the 


“to be tested, because the material would slip and the larger particles would roll - 
~down to the wall. A slope as steep as possible was used. Further tests with 


sloped surfaces and broken surfaces are described subsequently. y. (See Fig Fig. 4.) _ 
TABLE %—Test No.4. 


Internal Friction 84° 30! 
Enter Friction 28° 00" 
Toran PRESSURES, PRESSURES, 1 IN 


16 

128 | 21. 

44 

208. 5} 580 100 


OU 

RSRSSRS 
ors 
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08 218 


= 
R = tan? = 


tans 25°. 45’ = - 0. 232, 


# 


0.883 — 
= 0.243, 


j 
0.243 


= 28°) 


= Ry = tan? (90 — $1) = tan? 26° 15° 
= 0.284 = 81°). 


Table 8, which shows the results of Test No. 5 
. given values of t the surface e inclination, «, negative below the | horizontal and 
— erable Jae of the fill, a rod was fixed at the proper height across the bin, 


, furnishes the following data 
= ‘The value of h= —=5 ft; a, the inclination of the wih? is zero. In Column 1 is 7 
‘positive above it. As it was difficult: to obtain plane. surfaces without consid- 
ft. back of the wall, and the sand filled to a plane surface by eye. ‘The sur-— 


Column ‘2 gives the top horizontal pressure. ~The first two readings were 
bay a little too high, because ‘of the impact of the. fill as it wee, thrown 


_ Columns 3, 4 vape 5 give the 1 total horizontal and vertical com — and - 


the horizontal were probably somewhat ‘concave, whereas 


eo - 


tical 4 
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| DETERMINATIONS | OF L: LATERAL EARTH PRESSURE 


Column 6 gives the angle e of inclination a of the resultant. 19 “tty 


Columns 7, 8, and 9 give the horizontal and. vertical and the 


4 a total pressure per foot of width of the wall. 


Column 10 gives, the ratio of the height of inclination to the total height 
ae of fill. This value i is found in the same way as in Tests Nos. 1 and 2. oy met 


Column 11 gives the coefficient of (4 yh? 2) for the experimental 


0. 45 


0. 
RVES FOR SLOPED FILLS AND VERTICAL WA 
— HORIZONTAL COMPONENTS OF 
VERTICAL WALL: 
Wedge Theory-Normal Resultant — a 


EST 


T 


=: 


gives. the coefficient, J, of the formula: 
a nent = J Gy h?), in which the general wedge theory is used, _ disregarding 
_frietion on the wall, and taking | as the internal resistance 
J= 3 n= psin(g—e) 
Column 13 gives the coefficient, K , of tie Horizontal component 
= =K (ty h?), in which the Rankine ‘theory i is used. 7 The theory does not apply 


negative slopes. . is taken as the angle of internal resistance. 


TABLE 8 


sbi), the different assumptions as to ‘the direction of the total pressure are 

ficient, of the formula: Horizontal compo- 


: Sigs ‘ Gy y h? 2) j in | which the general wedge theory i is s used, taking into a 


s (Papers. paper 
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Column 15 gives the percentage ratio of the area of the 


of rupture to the area of the wedge when the surface i is horizontal. The plane 1 FY 
of rupture was assumed to. bisect. the angle between the vertical and a line 


drawn at at the angle of internal resistance to the horizontal. ca 


és = 3h? — (90° @ = the the angle of t the wedge. 

In this case, = = 88°,» = much 
Column 16 gives the percentage ratio the horizontal component the value 


horizontal component when the fill is evel. The s same filling mater ial was 8 used the a 


= Test No. 6, and the & ‘ill waa was placed : at an angle of 34° above: the horizontal, 7 some 


ier 


resist 


September 22,1921. Properties, 
Weather: Clear. Same as for Test No. 


Tem avatars: 21° cent. 70° Fahr. 


ToraL PRESSURES, IN PounDs. PRESSURES IN Pousps| 

y he 


| 
40.5 | 501 


| 


5] 


The theoretical ‘coefficients of (hy y h?) are: 


A= 0. 334; C= = 0. 396 for the wedge 1 theory, wall friction being 


cy ~ 


a = 0. 384 for the w vedge theory, wall friction being disregarded. — 4. 


Tho coeficient the total pressure, corresponding to N and 
= 32° 30’, as i in Test No. 5, is 0.455. 


For ¢ = = 31° , as seems to be case i in this test, the coefficient is 0.445. _ 
—For a vertical wall, with any shape of the surface of 


the fill, the value of the lateral earth is given in: Te 


Magnitude, by formulas derived by the wedge theory for 


_ horizontal component, “assuming the pressure to be normal tc to the 
gl that is, disregarding the wall friction. be This. might | be | ex- 
peeted, as the prev ious 1 tests showed the of ‘the wall 
es surface had no effect on the horizontal component. The vertical 
| component | is equal to the horizontal component multiplied | by the 
Direction, by, the a angle of friction the fill the surface 4 
Point of application, 


conditions. | ‘These conditions a are discussed i in n later tests. 


= 
630° _ DETERMINATIONS OF LATERAL EARTH PRESSURES _[Papers. Papers 
— 
tz 
4 
— 
+e 
— 
| | | 42 | 86 | | 0.98 | 0.419 | 0.480 the 
— 300, | 584 | 17 (0.88 | 0.856 | 0.416 
— sor gee | 0.88 | 0.878 | 0.440 clar 
— * fis 
= 
by 
— 
— 
N 
| 
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DETERMINATIONS OF LATERAL EARTH PRESSURES 


The point of application of the resultant for fills below the horizontal is at 
th, and is higher for fills above the. horizontal, reaching 0.40 h for fills having © 
: ae greatest slopes. ' This test proves” the presence ¢ of f a vertical component fo for 
all cases. 7 Rankine’ 8 theory would give an ‘upward component for all the cases” 
of negative € Columns 15 and 16 were computed i in order to compare the var ; 
ation of pressure with that of the wedge area. The pressures: seem to o vary 
‘much more than the a area of the wedge, especially at the greater slopes. ‘The 
value of the p pressure, therefore, is a function of a number of variables, including | 
the e area of the wedge, and not on the area of the wedge itself, , as is assumed by — 
‘some. This is based on the ‘assumption. of a plane of ‘rupture which ‘bisects: 
the the vertical and the line drawn at the angle of internal 
resistance to the horizontal. _ The general wedge theory furnishes low values, 
7 a the friction of of the wall i is assumed t¢ to ¢ . diminish the pressure. 
A few oat were taken of the pressure ofa fu, 2 ft. high rt inclined 


at 31° to the horizontal, | against ‘a glass-backed vertical wall. 


P 
ontal, 


“the coefficient of friction ¢ on the glass wall, due to the obstructions caused by 
clamps on the wall. The results agree with the conclusions given in Section ¥. 


order to determine whether the of Section were affected 


a t-metal w Il, th height fill being 3 ‘ft. 


ip 


‘Weather: Clear. ht per cubic foot = 94 Ib. 
Tem rature = 17° cent. (63° Fahr.) | gle of Natural Slope ~ 
Height of fill = 3 ft. “Internal Resistance = - 
Wall Vertical.  Tnternal Friction = 


TOTAL PRESSURES, IN PoUNDS.| PRESSURES, IN POUNDS PER FOOT. | Inclina- 


|r 


Papers.) Papers.) 
— 
4 
q 
0.480 
0.416 
= 
0.444 
‘a | 
and 
e of | 

the 
Surface 

‘e 

| 192] 585 | 185 | 80° 0.888] 0.280 
the 4° 127] 601 | 350 | 120 | 189 | | 0.889 | 0.297 
file 669 807 | 184 | 156 80° 80" | 0.348 | 0.816 

face 421° 50" | 206} 105] 17% 209 | 0.875 | 0.966 
+26° 80'| 987} 996 | 544 | 11388) 199 | 109 | 228 | 28°80’ | 0.402 | 0.409 
40’ | 270 1105 118 | 250 | 28° | 0.415 | 0.423 

t 


DETERMINATIONS: OF LATER AL EARTH PRESSURES [ Papers. 


same be drawn from the given in Table 10 


a as from those of Test No. 6. The resultant acts at ond angle of friction on. 


the wall, and above 4 h, especially for the greater slopes. amount of the 
horizontal component is given by the wedge theory, which disregards the effect 


oof the ‘friction of the wall. of any Hn V, VI, and VIT show ‘that the horizontal . 


for horizontal component: 


Experiments. 0. 0.887 

edge theory)... : | 0.386 

K (Rankine theory) 0.296 

4 € (surface slope). a 11°20’ 16°40’ 


if) 


“VIL. OF Fis — Wants WITH 


ag In this test, four walls were used, with backs sloping at 1 :12 45 
- % 78 (7° 15’), 1: 6 (9° 30’), and 1:4 (14° 00’) . The fixed parts of the record- 
ing appar ratus: required the entire test wall to be placed inside bin. “The 
shape of wall constructed and nailed to the inside e face of. the 
wooden vertical wall. Several of the tests were repeated because sand, leak- 


ing through cracks and getting under the wall, decreased the vertical com- 


ponent. fe the repeated tests, it was found that this trouble had little effect 

on the horizontal readings, as the friction under the wall was quite small. el 7 
a: _ A preliminary test was made, with a 1: 4 wall, to determine the direction 
the resultant. Special was in this test to have the wall 


a pert to prevent leekage, ‘no attempt to deduce the magnitude of the pressure 


from the data of this test is made. The height. of fill was always ‘measured — 


925 


|} 0.980 


i 
scedu 
agal 
wall 
98° 
expt 
11 is presented in order that the coefficient of as found 
with those values found by the various the- 
— 
ta 
| 0.366 0.409 0.423 ‘sur 
| 0.368 | 0.4038 | 0.416 q 
0.317 | 0.849 0.362 val 
| | 0.308 | 0.847 | 0.363 
| 21°50’ | 26°80’ | 27°40’ 
— 
4 
on x 
2. 
‘a 
i 
| 
— ° 
— 
— 
4 
— 


cedure necessitated raising the wall about tb0 in. . each time, and iene ering it 


again; 1; howev ever, the readings a are quite consistent. 
~The r resultant is inclined to the horizontal at an angle of 42°: (25° an and the 
wall slopes 14° ¢ 00’ the vertical, ‘that the resultant ‘makes an angle 
28° 25’ to the normal to the wall. % The angle of wall friction, as determined ~ 
for this sand (93 Tb. per cu. ft.; moisture content 3.2%; 


31° ), was slightly less th than 29 degrees. This ‘Proves that on a wall me 


beneath the wall was cleaned after each reading. ‘This pro- 


q with positive | batter the resultant acts at a an angle to normal, which angle is 


equal to the angle of friction between the and the fill. 


thes readings and the computation of the components and of the total pres- 


a sure were the same as in the tests with the vertical walls. In addition, the - 
_yalues of the normal and tangential ‘components and T) on the wall 


given. The relations between the (total pressure), H (horizontal compo- 


v (vertical component), WV, (angle of wall friction), a (angle 
t 


inclination of the wall from are: 


VeP P sin in +); =P sin = 


+ al. 


rte supports had to be considered, as : the wall was no ieeanie balanced. 


(0.48 + + (0. 48 + 


i 
For, moments about the vertical 


He= A, (6.04) + 0.48 V+ V (6 — 


‘1 top horizontal component with lever arm of 6. 04; thst, ada 
a ee total vertical component, taken to act. at the same point on the | 


additional weight of the wall to fa alse wall; gh thd J 
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DETERMINATIONS OF LATERAL BARTH PRESSURES 


ata dist nce (048 48 + x. *) ft. from the axis. 
acts at a distance (0. 48 ft. from the axis. 
~ assuming the additional piece to be a solid triangular wedge of base — ft. 7 a » 


Wall Slope = + 1: 12 (4°45’ 


Weather : Clear. 
erature = 14° cent. (57° Fabr) 


Chass 


PREssuREs, P PER Foot or WALL, IN Pounps. om 


— 


| 151 (182 0. 405 
104. | 0. 396 


Date: November 20, 1921. Physical Properties: 
Weather:Clear. Weight per cubic foot = 96 
Temperature = 9.5° cent. Fahr. ) ith of Natural Slope = 82°45’ 
Wall Slope = + 1:8 (7° 15’) Tnternal] Resistance = = 


of fill, 
in feet. 


In order compare the experimental results with the variou Sy 
the following | coefficients were computed for each type of wall. The a 
theory, as as originally given, does not apply toa 1 sloped wa wall. ; The ‘euneeel wedge 
theory, assuming» the resultant to act at an angle, , to the normal to the 
that t is (¢’ a) to the horizontal, g gives, 
2 


— 
q 
| — 
- 
4 
— 
— tw 
| 
4 
69 0.345 | 0.230 | 0.288 0.247 
| 0.420 | (0.198 | 0.280 | 0.208 — 
0.790; 
that t 
— 
— batter 
to the 
abot 
disreg 
error 


Papers.] 
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DETERMINATIONS OF LATERAL EARTH PRESSURES 


the total ‘and horizontal components. F ora 


cos (¢@ — @) 


= Coos + 2). 


‘The w 


‘The we 
the wall, gives . 


cos ( a) 


TABLE 15.—Tust 10. 


Date: Yate: November 
Weather: Clear. 


Ips ‘Temperature = cent. 
Wall Slope = + 1:6 (9°83 
Moisture Content = = = 8. 719 % 7 


Want yh? eu ) as the normal ‘component, in which, 


COS @ 


wt a)’ 


= ¢’) sin 


cos (a) co 


COs a cos 


Fahr. 


Phy sical Properties: 

cubic foot = = 97 Ib. 
Angie of 


at 


Natural Slope 
Internal Resistance = 32° 


edge theory, which assumes the resultant pressure to act norma ) 


Height % CoEFFICIENTS OF (4% y h2). 


0. 254 ’ 

if 
0.250 


Height 
fill, 


PER Foot OF WALL, IN Pounps. 


| el] 
5 
1 176 


0.888 ee 2 
0.873 
0.392 af 


0.405 


| 


| 


Date: November 23, 1921, Weight per cubic foot = 971b. 
Weather: Clear. ‘Angie of Natural Slope = 
Temperature = 14° cent. (57° Fahr.) Tnternal Resistance = 
‘Wall Slope = + 1:4(14900’) Internal Friction =2 
Moisture Content = 3.7% Wall Friction 
| PRESSURES, PER Foor OF ‘Watt, in Pounps. 
Height f P. 


Infeet. | 
H. 


— 


— 


COEFFICIENTS OF (14 yhe ). 


86 


17 


172 | 150. 


The ratio between the experimental | and» theoretical values: of equals 
0. 790; of C equals 0. 795; and of N equals 0.65; ‘therefore | the tests seem to show 
“that the general wedge theory, taking into account the wall friction, applies t to - 
battered 1 walls and a horizontal fill within 20 p per cent. ‘The resultant is inclined 

to the 1 normal at an angle equal to that of wall friction. i The resultant acts at 


rmal 
about gh. Th he > error in these tests seems quite large, unless all ‘theories: are 
“disregarded as as giving too. high results. The writer does believe that the 
‘error of these tests is greater than 10% i in any one case. 


ft. 
| 4 
= 
| [a 
| 
152 0.306 
es, 
ne 
a 
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- 


TABLE 17. ww Ex 
als Gel Fig. 5, Fill, ‘Heel of Wall in Fill. 


Taronenicat, EXPERIMENT. 

0.271 | 0. 0.388 | 0.281 -371 
0. : feet 


0.284 | 0.389 


= = 
“ 


‘Ix. —Lateral Pressure Wooden: “Wall with 


In this test, five walls were used, with backs : sloping at 1: 12 (4°45"), 1:6 
0’), 1:4 (14° 00’) 1:3 (18°25’); and 1:2 (27°18’). . The wall ‘was con- 
a in the same manner as th: that t described ii in ‘Section VILL. As the lower 


end of the wall was an edge, the upper end overhanging, there was no trouble 
in 1 attaching the extra wall to . the original vertical wall, and no ‘possibility of 
sand leaking under the wall. These tests are, therefore, more accurate. 


q The readings: and the computation of the pressures are the same as for the 


vertical walls. In ‘computing ‘the height of ‘the: resultant, the moment of the 
Height ¢ 
4 wall about the vertical supports had to be ‘allies into account, because the wall 7 — 


a was not absolutely balanced. The height of the resultant, xz, is given by the \ Cae 
0.48 V 0.48 
~~“) — iii of this formula is the same as that given in Section VIII 


TABLE 18—Test No. 12. 


: October 80, 1921. +: Physical Properties: 
Weather: Clear. Weight per cubic foot 97 Ib. 
‘ Temperature : 18° cent. (65° Fahr.) of NaturalSlope 34° 50” 
Wall Slope = 12, (4° 45"); = = = Internal Resistance = 


Moisture Content = 3.65% Internal Friction 
= 8.0% 


808 
207 508 
gor | 710 
| 
532 | 1190 


Averages... 


— git __Weg 
Slope 
— 
| 
3 
— 
— +1:6] 9°30'| 2°] 97 | 0.226 | 0.250 | 0.278 | 0.874 | 0.868 | 0.390 | 
— 41:4 | 14°00'}| 29° | 97 0.339 0.418 0.302 | 0.428 | 0.415 | 0.396 | 31°00. 

0.227 | 0.291 | 0.258 | 0.367 | 0.288 | 0.389 | 0.383 | 0.388 | 3.5 

a 
— Averages 
“4 

— Date 
Moi 
 &§ 

— 
— 
4 
405 | 488 a 101 | 0.848 | 0-214 | 0.285 8.5 
—  4€. 819 892 26°20'| 178 | 88 | 199 | 0.877 | 0.284 | 0.262 
26° 80’ | 213 | 106 | 288 0.875 | 0.222} 0.248 
— 
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ABLE No. 13. 


Date : November 6, 1921. 
Weather: Clear. 
Temperature = = 14° cent. (57° Fahr. 
Wall Slope = —1 : 6, (9° 30’); (¢’ + a) = 19° 80’. 
‘Moisture Content = 8. 25% 

| 

| Hei nt a 

of 

A, in fest. 


H. 4 
ale 


445 | 18° 10’ 


19° 00’ 


ite 


Physical Properties: 
Weight percubic foot = = 941b. 

Angle of Natura] Slope = 38° 20’. 

Internal Resistance = = 81° 

Internal Friction = 28° 30’ 

Wall Friction 20° + 


| 


h vey he Yeyh? 


(0.87 6. 195 


0.205 


= "TABLE 20.—TEst 


Weather; Clear. 
Temperature = 7. 5° cel cent. are Fahr. ) 
Wall Slope = —1:4, (14°); (¢’+a) = = 18°, 
Moisture Content = 8.5%. 


Weight per cubic foot = = 
Angle ot = 
Natural Slope = = 31°. 

«Wall Friction = 27°. 


97 
31° 


“Height of| — 
fill, h, im | |_ 


266 
84 | 
1238 | 560 
154 | 710° 


PER 
Foor. 


yee 


_ Weather : Cloudy and Rain. 


Date : November: 1921, 

Temperature = = 8° cent. (46° Fabr.) Angle of Internal Resistance = 30° 20’ 


Wall Slope = —1: 8, (18° 25’) 5 (p’ + 


Physical Properties : 
‘Weight per cubic foot 


a)=11°S5, 


Moisture Content = 3.55% ‘Internal Friction — 


My TOTAL PRESSURES, 


of| | Pounps. 


0.171 


2 637 
! 
| 
2 
PRESSURES PER Foot. | 
| 806 61 | #18 64 0.40 | 0.208 | 0.218 
85 | 28 | 89 | 0:85 | 0-201 | 0-210 
| 565 | 199 | 599 | 19° 20° 13 | 40 | 120 | 0.84] 0.196 | 0.208 
| | 1% 645 | 256 | 695 | 21°40" 0.40 | 0.172 | 0.185 
» 22 a 
lower 
ouble 
ty of 
"RESSURES, 
f the ouNDs. 
| 20 | 260 | 52 | 12 | 53 | 0.40 | 
| 89 | 7 | 0.82 | 0.167 | 0.171 
8.5 88 | 545 45° | 109 | 25 | 112 | 0.86 | 0.18 | 0.199 
134 | 695 139 81 | 142 0,183 
_— 
a. 
— 
0.282 25 | 18 | 269 | | 14° =| 54 | 18 | 55 | 0.40 q 0.181 q 
0.208 88 | 865 | 80 | 873 | 12°20 | 7 | 16 | % | 0.39 | 0.171. 0.1% 
0.235 79 | 488 | 101 | 499 | 11° 40° | 98 | 20 | 100 | 0.39 | 0.167 | 0.170 f 
0.246 122 | 619 | 128 | 680 | 11°10’ | 124 | 26 | 126 | 0.40 0.168 


Date : November 13, 1921. 


Temperature = 6.5° cent. (44° Fahr.) Angie of Internal Resistance 

Wall Slope = —24.75 : 48, (27° 15’) ; (¢’ f+ a)= = = 9° "ae _ “ Natural Slope 

Moisture Content = 8. 85%. ‘Tnternal Friction 


ll 1 


“ Wa 


d Height of _ IN Pounbs. 

q 


14 | 185 
285 ai | 936 
800 29 | 301 
378 41 | 381 


ws It was noticed that the sand “seemed to “ereep” away from the wall. 


4 There seemed to be a space, between the sand and the wall, at least 1 ft. deep, 
a and about 4 in. wide. As the depth of fill increased, the lower part probably 
had a better grip on ‘the wall, hence the increase in the value of (¢’ a a). . 4 
' 2 In order to compare » the ‘experimental results with the v various theories, 
< the coefficients were computed as in Section VIII. The formulas are the 

same, but the value of @ is now negative. | Instead of the normal | pressure, 


CN, the horizontal component, a, of the normal pressure is given: J = N cos 


‘TABLE 23.—Comparison oF EXPERIMENT WITH THEORY, Incuinep 
Fig. 5. ) Horizontal Fil Top of Wall Overhanging. 


N 
ment. 


lel 
re 


Bie The total pressure is very closely given by the general wedge “formula, i 


- takitie into consideration the wall friction. | Its ‘direction is always at = 


to the normal , and its s height at about a he The of applica: 


ig —Lateral Pressure of Sloping Fills against a Wall 


Ww ith a ‘Positive Back Batter. of a: 24. 


As i in 1 the tes tests ts with a var a height 
of wall of 3 ft.,: ., were tested. For the method of computation see Section V 
alculating the theoretial values, t were used: 


(Papers. | Pape 
DETERMINATIONS OF LATERAL EARTH PRESSURES (Papers. } Pape 
7 
4 
ii 
430 87 | 3 | a7 | | ones | 
4 
| Thy 
— 
4 = 
: 
80° 36’ | 29° 45 97 24° 38 0.221 0.2389 | 0.229) 0.256] 0. 
im | | 20° xX 49°00 | | 0.195 | 0.205 | 0-197 | 0/210} 0.245 | 0.37 
q g1°00’| 29° | 12°34’ | 18° (0.177 | 0.181 | 0.189 | 0.194 | 0.226 | 0.36 
1:8 | 80°20’ 12°53’ | 11°85’ | 0.171 | 0.174] 0.172 | 0.176 | 0.208) 0395 
| 800 a0" 5°50’ | 2°45" 0.100 0.109 | 0.118 | 0.118} 0.144 | 0.39 
bag 
“2 
ia 


HORIZONTAL COMPONENTS OF THE 


LATERAL EARTH PRESSURE 


CURVES FOR SLOPED WALLS AND 


“HORIZONTAL FILL” 


Experimental 


— eee Wedge Theory - Resultant at P 
-_Wedge Theory - Norma! 


h 


Batter 


6° 


Angie of of of Wall 


indi 


0, les 


Batter 


4 6] 


(n + 1) cos 2) = 


cos + cos (a — 
cos 


a). 


“(Gee Fig. 6. 


Date : November 24, 1921. ~ 
Weather: Clear. 
- Temperature = = 14° cent. ent. (57° Fahr. 
Wall Slope = 1:4, (14°). 
Moisture Content = = 3.7% a0; 


§ Physical Properties: __ 


Pressvnes, IN POUNDS PER 


| 


10’ 
—82° 00’ 
—18° 25’ 

—12° 30’ 

= 6°20" | 110 
Level | 124 
6° 20’ 


= 


“118 


Weight per cubic foot 
Angle of Natural Slope = = 
Internal Resistance = = 
Internal Friction = = 


15’ 


or 


won 


ae 


no 


Oe 


MINATIONS OF LATERAL EARTH — 

4 

vula, Wi 58 86 0. 7 0.258 0.222 0.351 — 4 
106| 93] 50] 0: 0,296 | 0.258 
tan 60} 0.332 | 0.287 
115] 170| 148] 82] 0: 430 | 0.875 
= 192 168} 0. 0.509 | 0.445 0.583 
& 30’ | 140 1 2138 | 186 103 0.416 0.528 | 0.456 0.685 
18° 85" | 455 145 9| 106] 0.420 0545 | 0:474 “968 
20° 80" | 160 429 0.583 | 0.510 


The normal pressure wedge theory, disregarding the > wall friction, is: 


cos (¢ — a): sin @ sin (@ — 
~The direction yn of P xs == 732 or 
The point of application varies from h to 2, depending on the slope. 


” The » experimental value of the ‘resultant i is 5 82% of the theoretical, as given by | 
the general wedge and of the normal pr pressure wedge theory. 


COMPONENT OF THE 
EARTH PRESSURE 
‘Wall with batter. 
Experimental 
Wedge Theory Normal Resulfant— 
Wedge Theory Resultant.at ail » 
Wall with+1s batter., 
Experimental 
Wedge Theory Normal Resultant 
| “Wedge Theory Resultant-at 


with, a | Negative Back Batter of 1: 


har that is, a negative batter. computations and 


formulas are the same as in Sections Ix and X. 


4 The direction of the resultant to the horizontal is or at an angle 


to the normal. The point of application. varies, but. is always. above the 


_ third point and rises with increased slopes of fill. The average magnitude ¢ of the 


resultant is given very accurately by the general wedge theory, the theoretical 


b being about lower than the experimental values, except for: the v very 


; 


— 
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Wa 
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mm 
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DETERM LINATIONS OF L ATERAL EARTH PRESSURES — 


Weather = Clear. i eight per cubic 


Temperature = 12° cent. (54° Fahr. Angleof NaturalSlope = = gee 


Wall slope = —1: 6, (9° 30’). Internal Resistance = 32° 
7 


Moisture Content = = 8. 8% Internal Friction = 28° 
‘egal h=8ft. a) = 20° My = 
gant _Pamssunes PER | INCLINATION 
—— 


20° | 19:24 0.189 | 0.148 


Oo 


18 


ieal Wooden Wall. 


_ This test was made | to determine the presence or absence of a a wedge of 


rupture. bin was filled toa level of 6 ft. and several readings were 


= 


e taken as the inctibnaall height of fill 2 omni oached the wall. In this manner, the 
rate of ; increase in in lateral pressure was determined. — If there is a fixed prism 
of rupture, the i increase in fill beyond the plane of ‘rupture v will have no effect _ 
i on the lateral pressure, but an increase in fill between the wall and the plane , q 
of f rupture will cause an increase in pressure. The i increase in ‘fill was governed 4 
by placing a board. across. the bin at the required distance from. the back, 1 fy 
a 2 ft., ete., successively. | Sand was shoveled behind this board to a height of 1 ft., = 
2 and readings were taken. ' This procedure practically corresponded t toa uniform | 
load of 100 Ib. per sq. ‘moving toward the wall. After these readings were 
taken, the board was removed, which allowed the sand to o take a — 
pages repose. . The distance from the wall to the » toe of the slope ' was about 6 
in. less. than: the distance from the wall to the previous vertical face of the = 
increased fill. Readings were taken after this change. 
_ The report of the test in Table 26 gives the horizontal and vertical com- 
_ ponents and the resultant | pressure per foot of width of wall for each increment 
of fill in both shapes, together with the percentage increases in each value. 
Assuming the plane of repose to be 36° to the horizontal, and the plane 
‘3 rupture to  biseet the angle between the vertical wall and the plane of repose, 
the areas: of the wedges between the wall and the two inclined planes wer were 
“computed. These values include the additional fill. The percentage increases 
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30’ | 2:9 80 10’ | 0.358 | 0.180 0.189 0.176 | 0.187 | 0 

= 6°20" | 1:9 | 82 | B81 | 87 | 20°50" | 0.358 | 0.194 | 0.205 0.196 0.199 | 0 

Level |........] 91 | 88 | 97 55’ 0.858 | 0.215 | 0.229 | 0.198 | 0.211 | 0 
6°20" | | 104 | 2 10’ 0.885 | 0.231 | 0.246 | 0.211 | 0.285 | 0 
| | 117 | 20°20’ | 0.365 | 0.258 | 0.277 | 0.282 | 0.248 | 0 

18°25’ | 1:8 | 117 | 44 | 125 40’ | 0.874 | 0.276 | 0.296 | 0.258 | 0.276 | 6 

: me 00’ 49° 128 | 48 | 136 | 20° 40’ | 0.385 | 0.300 | 0.821 | 0.297 | 0.817 | 0 7 . 

29°00’ | 5:9 | 141 | 54 | 151 | 21°00' =| 0.868 | 0.388 0.357 0.869 | 0.894 | 0 

80" | 11:18 | 147 | 57 | 158 q 21°10’ :0.870 0.347 | 0.3874 | 0.475 | 0.507 | 0. 

20" 0.240 | 0.257 0.245 0.261 | 0. 7 
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Conclusion. —The test the presence of or 

Fupture, closely | approximating the theoretical we Loading beyond the 
theoretical plane of rupture had practically no effect on t the > pressure. - As soon 
as the load crossed the plane of rupture, the horizontal and vertical dejo 

Btn the vertical somewhat faster than the horizontal. The variation in 

the total pressure is very close to that in the theoretical wedge of rupture. The 
height of the resultant remained prac tically unchanged. It i is evident that all 
the material above the plane ‘of repose does not act as the wedge of rupture. — 
Whether or not the surface of rupture is a plane is difficult to determine. | 

‘There was no indication of a break in the { top surface of the fill i in any of the 


oe “tests. ‘Such a break could har« dly be expected from the small movements of the -_ 


Date: May 19, 1921 Physical Properties = same asin Test No. 


Weather = Clear. Original Fill: (6 ft., level. 


‘Additional fill 
1ft. high. 


Distance 


from Wall, 
in Feet. 


cococo |° 


oes 


a; 
woocoeoooo 


oro 


4 
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* Area between wall and plane of repose for 6-ft. level: 24.78 sq. ft. 

ait Area between wall and plane of rupture for 6-ft. level: 9.18 sq. feet. bat vate eu als 


XIII .—Effect of Settling and Changes of Temperature on the Lateral Pressure 
pene of Horizontal Fills against a Vertical | 

7 ‘Several tests: were ‘conducted to to determine the effect of changes ii in temper era 
ture, humidity, etc. and to investigate the effect 0 of settling. Readings were 
< about 1 hour apart. One test consisted in taking readings for a period 
of 8 days, during which there was a temperature variation: of 138° cent. (23° Ps 

a ~ A “blank tes st”, in which readings on the scales were caused by a mechan- 

ically applied pressure ag rainst the walls, showed very little variation, thereby _ 

* "proving that the variations in the following t tests are due to changes i in the fill” 
and _ not to changes i in the appar ratus. In these. tests, only those readings are — 
given in which changes occurred. ‘During the 8-day test mentioned previously, 
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i 80 ae of readings, ‘distributed in such a manner that the effect of extremes — 
of temperature e and humidity could be inv vestigated, w Ww ere taken. la Ta 


maximum and minimum (7) values are given in Table 


in hours. 


Total variations. n 
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— | 2 432 | 286 | 518 | 0.662 | 0.864 

28 | «| 450} 279 | 0.620 | 0.364 
4th... | 17 451 279: | 580} 0.620 | 0.365 
— | 279 | 582 | 0.616 | 0.365 
| 18 | 490) 279] 538 | 0.607 | 0.366 
» | 465) 278 | 542) 0.597 | 0.370 if 
— 89 466 | 278| 543| 0.599 | 0.371 
| ‘17 | 468) 278) 0.594 | 0.371 
| 469} 280} 545 | 0.595 | 0.872 7 
sure ~ | 
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Conclusions from this test may - be stated | as s follows: ge tun li ; 


—The pressure just after filling i is practically the maximum. 
rise in temperature is accompanied. by an i increase in 
ponents, and an increase in the height of the resultant. 


“39 drop in temperature is accompanied by a decrease in 


we 


ponents and a decrease i in the height of the resultant. 


age of the fill o or by. changes i in temperature. It is, however, 
by the | humidity, because of changes i in the water content. 
_ -5.—The height of the resultant varies as just noted, and also slowly ri ises 
as age of the fill increases. = For a fill with horizontal ‘top surface, 
i; height of the resultant seems to be a maximum m at F — see 


6+—Settling of ‘fill is accompanied by a slight decrease in pressure, with 
2 intermittent sudden increases, due to in the ‘fill. ‘These e in- 


can —The minimum pressures occur soon after the filling. 7 Tests described — 


subsequently show this more clearly than those given in this section). 
—Curves plotted for this test give an “average variation of the pressure 
15% per the average » foe each day. 


vibrations”, ‘The total variation in the of 8% is 


worthy « of note. A short report of the preliminary tests on the effect of sur: 
a charges has been published. + It may be of interest to note that this article, 


as well as the preliminary description of the apparatus have both appeared in 


TABLE E 2 —Trst No 0. 21, Trae Test. 


Time Test on a Tamped Fill; 7 ft. High; 6 ft. vertical wall. ‘The fill 7 


¥ 


PRESSURES PER Foor, 
PounDs. 


ture, 
egrees 
centigrade. 


era 


Age of Fill, 
in hours 
em 

in 


bat OT CO OTD 
UR > 


totam 


_ The variation | in | 1 tamped fills seems to be very much less than i in ordinary 
fills The temperature range in this test was only | B°C. (41° Fahr. ), so that 


of f 
in he 
i oF 
~ 
fhe 4 
= 
— 
sett 
hou 
hou 
R 
.—l 
40.8 Ths | 
21 | 2 | 565 | 373 | 677 | 0.660 | 0.38 | —0.7] —O.8 41.8 
22 | 26 | 561 | 375 0.658 | 0.879) —1.4] +0:3 
| 25 | 588 | 376 | 690 | 0.645 | 0.879) 42.5] +0.5| 
Sd... 42 | 25 | 568 | 871 | 678 | 0.654 | 0.878 | —0.2| —0.8 —0.5 ‘not 
— 45 | 2 | 569 | 370 | 678-| 0.651 | 
98 | 27 563 | 366 | 671 | 0.651 | 0.377) —1.1| —2.1 —0.8— the 
tim 
has 
hor 
<a 
Der Bauingenieur (Leipzig), March 15, 1922; Der Eisenbau (Berlin), July 25, 1922. | 
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| 
‘Temperature—20° Gent. (68° Fahr.) 
 Fillis5 ft. high, Top surface at + 31°. 
wooden wail. 


ToTAL Pressures, ‘Tora: RESSURES, 
in hours. in hours. 


842 
gaa 


846 


from this test are as follows: | 
The maximum pressure occurs soon after ‘filing. The ‘fill undergoes 


"settling s as soon as it is placed, causing an increase in pressure in about 1_ 7 


hour. pressure then ases, I ‘reaching a low point within 
i 


it then lay, as shown in the previous tests. — 


uP 


Pressure of Horizontal 
a: ‘Forty- five square boards, 113 by 113 by 1 in., were used to cover the 
Feo of a 6-ft. horizontal fill of sand. A keg of nails weighing 100 lb. | 1 


was placed on each square, starting er the one farthest from the wall. 7 


Readings were taken while the load rested on the fill and after it had been sen 
remover The effect was. that of a localized surcharge of 100 lb. per sq. ft. 
ie “averages: of the five positions of the load at each distance back of ‘the 
wall: gave the values shown i in Table 31. ~The readings for the five positions 
the load at each distance back of the wall about the same. The 
ae? feature of this test was, that after the load had been ‘removed, the 7 
did diminish immediately. ‘The fill returned to its original 
theoretical plane of rupture, 36°, cuts top at 3.06 ‘ft. 
The plane of slope cuts ‘the top surface at 8.25 ft. my 


‘There is an appreciable inerease in Pressure due to. Toads 


= 


= 


acres 


‘the load moves on the wedge. The effect of a load is 
change the physical characteristics of fhe fill, a s the changed pressure con- 
tinued after the: load had been removed. . that the unit weight 


~ has not been n changed ‘throughout the fill, and is 100 lb. per « cu. ft., the final — 
requires a ag 1. Assuming that the 


pe cu. 1. ft, ist is ‘then’ 38°40" chat the final density i is ‘thee average 


+ 


% 43 
Temperature—20° Cent. (68° Fahr.) 
ae ‘illis 7 ft. 9 in. high against a vertical wooden 
ted 
ted Weather. 
« 
the 2504 | 1458 | Clear. 2 962 033 Clear. q 
2539 | 1509 | 1 | 2036 
2545 | 159 | 1108: | 2991 | 
2552 | 1 582 “|| 48% 1088 | 2960 | 2004 | Rain. 
1%4 2551 | 1 536 1098 | 2 922 993 | Cloudy. 
bed 
ure | 
ped 
is 
ur: 
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_ of these two extreme values, or 108.3 Ib. per cu. ft. $ is then 37°00’. oe The 
formula used is H=}ty tan? 4 (90 The experimental value for -ruptur 


¢ of the material used is about 37°. :e is probable, however, that both the of the 


and the coefficient of resistance of the fill are changed. which 


‘TABLE 3 No.2. 


Physical Properties: same as in Test No. 
d= of f surcharged load of 100 lb. trot back 


Date: May 6,192, 
Weather: Clear. 
Temperature—15° Cent. (59° Fahr. 

vas Readings are the averages of five positions ofload. 


| 553.6 610 0. 
| 3354/6 


Distance, d, 


by 


556.8 

557.9 

‘| 360:1 

93.8 | 562.7 
586.6 0. -620 


= 


& 


|| 


The present method, used in practice to take account of static “surcharges, 
assumes | that is changed, but that: the density i is changed. requires 


to place the load closer than ft. to the ‘one 


that the | effect of a load depends o on nits from the wall. 


XV.—FEffect of Moving Loads on the Lateral Pressure of Horizontal Fills 


from the wall, starting at the greatest "Readings were directly 


= 
after this s rolling, the load having been ‘removed. from the e fill. The previous 
a test had compacted the fill fairly Ww rel, so that the effect was that of a moving» P 
Rolling or moving loads on a tamped fill no effect. on the ‘pressure. 
In order to investigate the action of this compressed fill as it aged, it was <i 
allowed to stand for seven days. ‘The summary given in Table 32 of pressures 
= exerted | by this fill i is of height of All was, 6 ft, y= 100 
we The fill returns shnest to its original state, except | that the resultant rises 


per ¢ cen in the vertical component is due to the drying 


: 
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Bee Nog b _ the effect of loads rolling across the fill, parallel to the wall. The keg of — 

7 7 


of the sand along the w: all. The ma: maximum 96 to a slight 

rupture in the fill. . It is: interesting to note that this packing and a 

of the fill caused a ‘variation of only 8. 9% in n the horizontal _component, 

“whieh is less than the variation in a similar fill caused bya 13° C. change in 

over a like period of hours. 

6 —Terst 24. 


= 


Same as for test 23. 


The seine given are pet foot of width of wall exerted by a 6-ft. a fill guest a 
Kun vertical wood wall, after a load of 100 Ib. has been rolled across the fillata distance, +d, from the wall. | 


Pressures, PER Foor, CHANGES, 


0. 360 
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COD WwW 


al IN PounDs. an ¢’ VALUES. 
Just after filling 458. 
7 After Static Test 


_ After Dynamic Test 
96 hr. later (144 total).. 499. 
464. 8 8. 0. 0.892 | +1. 


Maximum values occurred at 96 ar. (total 144 hr. ito 


of Static Loads on the ressure 7. 


Against Wall with Positive Back- Batter of 1:4. 


test t similar that in Section XIV was made with a 4- ft. “fill and 


ion 
wall, ‘The heel o 


results ‘of thie test are. those obtained with’ 


ment disappears soon after the load is 
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whereas: ‘the horizontal component yemains ‘undiminished, In the 
tal 
\ 


ie 
No. 25 


‘Date : December 4, 4, 1921. ysical Properties ss same as in Test No. 


Weather: Clear “a eight of fill = 4 ft. 
= 314° (38° Fahr.) ‘Wall batter = +1:4 (14° 00 
Vit d = distance in feet of load from top of wall, 
TOTAL PRESSURES ON WALL, PERCENTAGE INCREASES: 


ceo 


q 


lhr. 


General Conclusions on the Pressure of Sand Fills, Boden: iid the 


—The fill does not act like a liquid. The transmission of pressure 


2.—The ‘not act Tike solid. Loads on the fill cause 


s well as a leformation. 
to any definite lew. bal 


be detected. on surface the fill. However, loads on the f “fil a 
have practically 1 no > effect on the lateral pres: 
sure, Loads 01 on the wedge of rupture do “not increase t the pressure, by | as 


‘much : as would be required by a well- defined and distinct wedge. en — 
ba 4.—The lateral earth p pressure, for all types and kinds of wall and for all 
types: of loading and fill, acts at an angle to the normal to_ the wall equal 
- to the angle of static friction between the fill and the back of the wall. T he 


3 point, but. below the to point of the height. 


5.—For a wall with fill, the value of the horizontal pres: 
gure is given en by the formula, E —=tyh? tan? 4 (90° >); in which ¢ is the 
angle of internal resistance of the fill, corresponding to the static friction q 
te the filling material on itself. This formula is a special ease of both the 
Rs ankine and Coulomb theories. The value of the vertical component is s easily . 
determined from : a consideration of 
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«6b. —For all general cases, the press pressure is “obtained closest by the general 


7 _ The wedge theory that disregards \ wall fi friction gives too high results except 
for a ‘vertical wall, in which case it gives results closer to the experiment al 


results than the general wedge theory. 
general wedge theory low results: for a vertical wa 


ion, 


except as noted in Conclusion 5 


a 9. The effect of settling is to increase the pressure exerted by the fill, the 
maximum being attained within two hours of placing the fill. The pressure 


then decreases to the minimum within 24 hours, after which the ‘pressure 
oscillates toward equilibrium between the maximum and minimum thus found. 


. The ‘pressure is a direct function of the temperature. 
1 The ; pressure is only slightly affected by humidity, “except that in es 


weather: evaporation of moisture from the fill along the wall, near ‘the 
a greater | horizontal and a less vertical component. 


‘- 12. Surcharges, both static and dynamic, ‘compress the ‘fill and imerease | the 


Tesultant pressure. Such an increase disappears in time, usually in: about 


Résumé of Previous Experiments. 


on the subject of Lateral Earth Pressure, little is 


a said about experiments, although many of the contesbutars to the ‘theoretical | 
probably ‘made tests. __Belidor, » in 1720, stated that 
“experiment leads him to assume a 45° prism « of rupture”.* The ‘earliest — 


of an apparatus is that of Gadroy_ in 1745 tried. to check 
 Belidor’s 8 assumptions.t Although his experiments in a bin 3 in. high showed 


a plane of rupture ¢ at‘a . slope c of 2:3 fora sand. with a natural slope of 1: 1, 
which is an experimental proof that the plane of rupture is not the plane < 


Tepose, the only conclusion drawn was that a wedge of Tupture, moving ¢ on ‘the 


plane of slope, did exist. os The early method of testing was to construct a box 
with « one side closed by a gate, hinged at the bottom. The top of the gate was 
’ — by a cord, passing over a f fixed pulley, tied to a pan. * _ Weights aa 


a 
: = the pan balanced the overturning: effect of the pressure on the gate. It is, 


A 
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not surprising that a ‘vertical component was not detected. 


surprising | how many conclusions | the experimenters not notice. For 


vertical, obtained data showing that pr ressure is for angles of 


wedge between 223° and 674 , the “material being sand. ‘Sie that the 
4 wedge of rupture does not include all the material above the plane of slope, 
_ and yet, although Coulomb had issued his theory of the wedge of maximum 


pressure in 1773, Gauthey starts his theoretical discussion with the assump- 


tion of a wedge sliding on the plane of slope.* 


The danger of obtaining the passive pressure and the method of over- 


~ balancing the gate to insure that the active pressure is being ‘determined wa 


| discussed by Woltmann in 1791. With a test-gate 4 ft. square his ara 
were much lower than required b by theory. The discrepancy would have been . 

accounted for if he had taken into account the effect of a  verticalt component. 
_ Experiments by, Mayniel in 1806 and by deKoeszegh in 1828 showed similar 


s early as 1800, Coulomb’s contributions were misinterpreted. ‘Hagen | 
“comments on this, emphasizing that Coulomb had ca lled the friction co effi- 
cient of earth — and had made no ‘mention | of any relationship between this 


coefficient and the natural slope. It was Woltmann who first made the ¢ assump- 2 
tion that the coefficient of caternal friction was the tangent of the angle of 
repose. Unfortunately, he used t this assumption in his German translation 


‘ 
~ Coulomb’s Essai, and it is from this translation that later writers copied 


‘Hagen repeated Woltmann’s experiments, and discovered that if he assumed 
a resultant inclined ata constant angle to the wall, there was perfect a. | 


Lt. Hose in 1845 showed results. similar to ‘obtained from the Cin- 


-cinnati tests.§ A wall, 23 in. thick, failed under r the pressure of 10 ft. of fill, 
the material being ballast, weighing 95 Ib., per cu. ft., and having a natural — 


slope of 37°. — The stability moment of the wall is 1920 ft.- -Ib. and the « ov ~ 
turning moment of the fill is 3 970 ft. -lb., disregarding the vertical | component, 
as was done by Sir Benjamin Baker|| in his discussion of Hope’s tests. 7 Tf the 


gives component is taken into account, the overturning moment of. the fill” 


is 2 240 x? -Ib. ta Baker’s contention 1 that the 1 wedge theory gives a factor ¢ of 
“safety of 2 Ga. e. 3970 :1 920) is not true, the. overturning moment is ‘slightly 


Gen. Burgoyne, 1834, built four 20- ft. walls, the average width of each 


being the height, and. tested them to destruction, attempt was 


compare the with theory ; the application of the ‘Cincinnati results 


* Gauthey, “‘Ouvres”, Vol. I, edited by Navier, 1809. 


Woltmann, “Hydraulische Arkitektur”, Vol. 3 and 4, 1794- 
Hagen, Annalen der Physik wnd Chemie. Vol. 116 (1833), ‘pa 48, 


Berichte der k. Akademie der Wissenschaften (1853), pp. 35-42. 
Hope, London Royal Engineers Papers, Vol. 7 (1845), pp. 
|| Baker, “Lateral 1 Pressure of Earthwork,” 1883, 
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“Wall A: both faces sloping 1.3 75, held a 20-ft. fill weighing 87 lb. per cu wd ft. 


during heavy rains. M,;: 84 200, J M,: 14 900. 


Wall B: vertical back, front battered at 1: 5, held a 20- ft. am after tipping — 


al 


about 23 in. M,: 32400, M,:17 350. 
— Wall C: : vertical front, back battered at 1:5, failed by bulging and burst- 


] 


ing zat ‘the height when the ‘ill re reached a height of 17 ft. 
tal There was no ‘tendency to overturn. M,: 17 000, My: 6 000, 


The result each test agrees closely with the Cincinnati results. Because 


sults 
been the fill was saturated, it was assumed 1 that the unit weight was 100 lb. per 
nent. cu. ft., ‘the natural repose, 34°, and that the resultant acted at an angle of 34° 


‘to the normal, the walls peing of rough rubble, aid dry. 
Aude, in 1848, obtained results about 85% of the 
_lomb’s theory.t Considére, in 1870, showed that the results agreed very closely 


nilar 


with theory, by taking into account the wall friction. 


Winkler, in 1868, found a resultant always inclined at an angle equal tc to the 
angle of friction on the wall. correct his results for the side-wall resist- 
ump- -_ he repeated the tests with a thin partition wall in the center of the bin. © 
le of From the difference i in readings, he obtains the retarding effect of a side wall, — 
‘This method would be reliable if the width of the bin was 80 ) great that there 
; would be 1 no . chance of arching action in the narrow bins. By the use of two : 
axes of rotatio n, one wader the inner face of the wall and the aches; ai the 


of both. components. § The objection to this 3 is, that in order to deter- % 
7 mine the total pressure, two independent tests must be made, and no — 
can be taken of changes i in the conditions, which must be identical for accuracy. — 


“The experiments of Constable i in 1874] and of Darwin i in 1 187 were ‘made 


over- so small a scale that the results are unreliable. auf 
rent, | — Leygue in 1885 reported a very complete set of "experiments covering every 
f the phase of the earth pressure problem. a He proved experimentally the co-exist- 7 

p 
ence of friction and cohesion in soils, an assumption made by Coulomb but 


— not accepted by ‘some of the later scientists. By the use of a bin with glass” 


‘the surface of rupture varied but little from a plane, ail that its shape was 

independent of the height of the fill, the method of wall failure (rotation or 
. _ translation), of the nature or the slope of the wall and of the surface slope a 


the fill. His quantitative results are not so valuable because of the small 


Owen, Transactions, Irish Inst. Civ. Engrs. (1845), Vol. I, 


wan + Aude, Memorial de le Officier du Genie, Vol. 9. itt iy 
‘iiag Considére, Annales des Ponts et Chaussées (1870), Vol. 19, p. 547. 
§ Winkler, Der Ciwilingenieur (1865), Vol. II, pp. 1-11; “Neue Th 
|| Constable, Transactions, Am. Soc. C. E. (1874), Vol. 3, pp. C5 
{ Darwin, Minutes of Proceedings, Inst. Cc. E. (1988), Vol, 


walls he investigated the shape of the wedge of rupture. He discovered that aa q ) 
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sized apparatus. Winkler’s method was: to “determine the effect of the 


"Steel in 1899, a test wall 143 ft. high being inserted i in a pit. The ntal_ 
; and vertical components on two 12-in. square si sections of the wall 5 were ‘meas-— 


7 ured by levers. For such a depth - ‘the } pit was too small in cross-section and the i penet 
effect of the solidified | earth walls caused inconsistent readings. The labor 
involved prohibited more than a few tests and some of ‘these were ‘performed sq 
in parts. Steel noticed the drop in pressure. over night, which he attributed 
to interference with the apparatus by troublesome boys. The same drop in pres- - - slope, 

sure” was noticed in the Cincinnati tests, in which the apparatus: was: safe ge 

~The Mueller- apparatus, on which the design was based, 

was “an attempt to reproduce the actual | action of a retaining wall under ho ne 


earth pressure”. complete translation of the section of Mueller-Breslau’ 


7 A book dealing with his apparatus and ex cperiments is included in the writer’ S- 
_ thesis, filed i in the Library of the ‘University of Cincinnati. _Mueller- Breslau uu 


ie ‘determined the horizontal and vertical components by measuring the deforma- 
tions in calibrated steel struts, restraining a wall 29 in. high. No attempt was 


the friction. One observation, which caused the use of 


_ graphite, was that the angle of friction of sand on these walls was 14° whereas 


‘His conclusions “were, that the measured earth pressure is somewhat 


greater than the value from Coulomb’s ‘theory. ~The "writer, by using the 
angle of internal resistance in place of the angle of repose, has shown that 
very close agreement exists between, Mueller- Breslau’s results and the wedge 
‘theory. The surface ‘slope. had no effect on the inclination of the onli. 
Using glass and emery cloth backing | on the wall, he concluded that the 


resultant is always” inclined at the angle of friction on the wall. "Alternate 


loading and unloading of the fill caused the resultant to rise. e. The same 
results were obtained in the Cincinnati experiments. 


photographie investigation of the wedge of rupture was made i in a 
glass box, about 2 ft. high. The 5 wall could be « displaced by | either a transla- 
tion or a rotation. It was: found that a movement. of 1 to 6 mm., had prac- 
tically no effect on the shape of which was ‘slightly 
4 curved down at the lower end, approximating Coulomb’s theory very closely. 
4 _ With surcharged fills, the lower end of the surface ‘of rupture was straight | 

and the upper portion is curved. Mueller-Breslau announces that he has 
a much larger apparatus, the writer has been unable to find 


any further information than that given in his book of. 1906 

the University of Pittsburgh, Professor J. H. Smith constructed an 
"apparatus for the determination of the lateral pressure. As: the maximum 
distance between ‘the front and the back walls of the box he used was only - Toa ie 


Leygue, Annales des Ponts et Chaussées (1885), Vol. 10, ‘Pp. 1000. 
Steel, Engineering News (1899), Vol. 42, pp. 261-263. 
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Thew use of these results to retaining wall Geille is equivalent to the ilies 


_ tion that earth pressure is the same as liquid pressure* = may 2 a 


 Crosthwaite (1916- 29) "investigated the “accuracy of formula for 


_ penetration : ¢=— sin tan‘ — by using a plunger of of 


8h sq. in. bearing a area. Substituting the ‘penetrations found tt the value of od 
can be computed. Comparison is then made between this and the natural 


‘Sand, garden earth, cinders, ashes, and clay were used. It was found 
in general, that i in materials loosely deposited, the angle of friction equals the 


angle of repose. On consolidation of the fill, this s did not hold true. The 
results ¢ obtained are the combined effects” ‘of cohesion and friction; is 
necessity to consider these phenomena separately. . Although Crosthwaite 


7 “draws | definite conclusions, it should be noted that i in most of his experimental - 


_ work, results w were widely scattered, ‘many readings being 50% from the mean. : 
He. considers this due to. the small- sized d apparatus, and d says, “Model experi- 


ments are best * of ‘the experiments made by previous investigators to 
: inv estigate the lateral pi pressure of earth, those in which model walls were used a 


are of the greatest value, but if the models are of any size, the experimental © 
difficulties are almost insupera able.” ’ The writer agrees s with | this. last phrase. oo 
Experiments with ranged from dry sand to saturated sand (35% 


om moisture), with a yy range in weight from 108 to 121 Ib. per cu. “ft. The ‘com- 


puted was 0.0500 to 0.0601, to values of 


= = 64° to 62° > 27. The sand like a solid, the plunger came to rest 


Garden earth, with a natural slope | of 46° 1 gave experimental values 


for of 43° 08 to 60° with an average value of 58°15’. Ashes and cinders 


‘acted as viscous solids, and required a a long time to come to rest. results 


= 


== 


Maximum ex- 


Experiments. with clay were made with 2 a bearing area of 1 ‘sq. ft., and 
‘ina up to 12 tons per sq. ft.. — With mud, the area was 16 sq. ft., with sat 
be to 1.25 tons per sq. ft. ‘These tests were made in the natural undisturbed 


Se * Smith, Proceedings, Am. Soc. for Testing Materials, Vol. 15, Pt. 2, pp. 382-98. © 
+t Crosthwaite, ‘Minutes of Proceedings, Inst. c. B., 1916, Vol. 103, and 1920, 
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OF LATERAL AL ‘PRESSURES 

x 

ases rapidly 


( 
position 
sand. ‘ 
the frict 
thrust t 


“lope. For the “penetration varies as of the load. Had 


the experimenter taken the trouble to determine the | 


friction in the material, he would» have found that the angle of internal 


friction is always” Jess than the natural slope, whereas, in these tests, the 
average angle of friction is 68°2 21’, with a corresponding natural slope of 
48° 24’, almost 20° more, WwW ithout t doubt, the effect of friction along the sides — 


- of the bucket. used as the container had considerable influence on these results. 
Tn his 1920 report Crosthwaite ; gives the opposite conclusion for the same 

type of experiments. — “The angles of internal friction from these experiments 

was much less than the “angle of ‘repose, & and was not constant for any one 


a “mater ial, but depended on its state of ag geregation, whether it was put hol 
together, shaken, or consolidated by tamping.” 


‘Tests with a small vertical wall, hinged at t the base, i in which | the over- 


turning moment caused by sand fills was measured by the tension in a string 
a to the top of the wall, caused Crosthwaite to conclude that the pressures. 
calculated from the Coulomb and the Rankine formulas are too high, espe- 

cially for surcharges. Walls: calculated by the Rankine theory, using the 
value of the angle of repose for @ would have a factor of safety of 23% to 4, 


‘that the 
‘correct 


draw sv 
of a m: 
same as 
the the 
the filli 


sam 


The 
tion, bu 
surface 
interna 


the wedge theories that 1 ‘take into account the friction betwen the w 
| § and the fill , give correct results for the wedge of maximum thrust as long a 


88 the wall is not surcharged, but that the calculated pressures" are 30% too affect t 
great for surcharged - walls. These results, he states, made him think that compor 
a e theory wa was wrong, and that the friction between ‘the wall and the fill” ment 
should not be considered , and that g was really” the angle of friction. In “2 
view of the result just stated, that the theoretical and experimental results” the afm 
did agree, it is difficult t to y waderatened how Crosthwaite obtained his conclusions. “withou 

He ‘ealculated the e value of required to satisfy | the values” obtained for the appliec 

lateral pressure of a horizontal fill against a vertical wall. This value, 49°90, Th 

hee called the angle of internal resistance. The natural slope of this material piste 
35°, or less than the angle. of friction. With this n new w value for and : 


disregarding the friction on the we all, “the maximum « calculated pressures were 4 Engi 


> _ The next experiment was intended to determine whether or not wall fie than t 


tion did affect the horizontal pressures. wr au 


A long box was sawed at the middle « of its length, into two compartments. 
by av vertical cut. . One- -half the box ‘was fixed to solid ‘supports and the 
other” half was placed on rollers. When the box is filled with sand, the ‘By 
two compartments are urged apart by the he pressure of the sand on the plane. 1920, 

- passing through the saw cut. By measuring the tension in a string that 
_ prevented the half of the box on ‘rollers fr from being pushed f waaaitie the pressure re 
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on the vertical plane was determined. . The part of the box on rollers was _ 


‘tumed end for end, , so that the sand in the fixed compartment was held in 
‘position by the solid end of the box, the face of which was coated with glued- -on 


sand. “This : is the same as if it had been retained by a rough wall, and if, 


the friction between the wall and backing affects the amount of the horizontal 
thrust the amount of tension now required to keep the rolling box in position : 


should have been less than before. ail A large number of experiments showed 
that there was practically no difference, and so he concludes that “ it As not 

correct to o assume that ‘the friction between the wall and backing | ean 1 affect, 


of a mass of sand on a theoretical bounding the mass is the 


same as that on on a vertical wall replacing the material | on n the other side of 
Mid 

the theoretical plane, if the surface of the wall is. of the same material as — 

the filling material. Had the experimenter used a smooth wall and obtained | 


the same results, the conclusions might have an experimental foundation, 
‘The final conclusions drawn by. the author: from all his work are: 
— 1—That the plane of Tupture may be a convenient mathematical assump- 
tion, but has no existence in the granular material dealt with—at least, he was 


unable ‘to trace | any evidence of it in his experiments. 


2 —That the angle of repose is a physical constant that relates only to the 
surface, and is ‘represented i in the interior of the mass of sand by the angle of 


3—That the angle of internal friction is not a physical characteristio 

constant for any one material, but varies with the state of its aggregation. 7 

—That friction between the back — of a aw all and it backing | does not 


ea ‘the amount of the resultant thrust. | The writer ie that ‘ horizontal” — 
component of the thrust i is meant, because the apparatus used. gives no measure- 


 §—T hat the wedge theory, which 1 takes into aoonenik the wall friction and 
‘the angle of ‘repose, though giving correct results when applie a wall 
2 
without, surcharge, or with negative surcharge, breaks down completely ¥ when 


writer desires to attention the statements the 


‘ative value of the angles of repose and internal ‘friction. _ Although both 
4 


the articles in “Engineering and Contracting” for “March: 31, 1920, and 
“Engineering News- Record” for January 19, 1922, start, with | a statement | 


that “the angle of internal friction from these experiments was much less 
an the angle of repose, all the data given | in these and other articles by 


rq 
the 2 author show the ‘opposite. close 


to those drawn from the Cincinnati experiments, although the tele 
to give them from the tests he performed is doubtful. 
ae. By using a ‘rotating test-wall apparatus in a ‘bin 7 ft. high, Fulton,* i in p> 


23 ree itr 


1920, measured the overturning moment of various Goes of fill. The magni- 3 


* Minutes Proceedings Inst. , 1920. Abstract | in and 
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656 er 
tude of the resulting moment was measured by observing the extension of a bar 
The results were compared with the > various theories, and, using the con- ag 
clusions given in the abstract, it was found. that: 
—1.—The overturning moment on retaining walls due to the filling, as 
om from a general formula based on the wedge theory, is approximately the lateral 
7 same ai as | ordinarily exists when the filling is within the limits of these experi- re 
- _ ments, and when the inclination of the i inner face of the wall either outw: ard y 
or inward is not greater | than usually obtains i in practice. In calculating the- lateral 
a oretical values, was assumed that the resultant acts on the > inner face at 
a point one-third of the height of the fill from the bottom of the wall and ‘that 
ea it makes an angle equal to the angle of repose with ‘the normal to the wall. 
Bo tea —That in walls having a a filling, the surcharge of which is not continuous pay 
anc 1 unlimited, the general formula requires modification. _ This modification * “Sho 
en can be made by reducing the sliding prism | of irregular section to one equiv- aie 
alent triangular section from which the ov overturning moment can be deduced 
7 either by direct calculation or by a convenient graphical method. Under these 
‘conditions, “the position of the resultant pressure may range from 0.33 to ideas 
0.364 of the height of the fill from the 1e base of the wall. 
a ver tical wall with a “horizontal fill, the theory gave results detenc 
for the over overturning ‘moment greatly in excess of the observed values, whereas positio: 
= the wedge theory | gave results quite close to those obtained | by the gra 
For surcharged fills and a verti ical wall ‘the Rankine theory gave values 50% | 
in “excess, and Ww wedge theory | 20% in excess, the observed values. ‘Sept. 
Although th three ‘materials were used, lean river sand, gravel, and garden soil, “was to 


it seems that : most of the tests were made with sand. In order to keep | a full Bare iy 
fe of rupture inside the fill, surcharged fills were made smaller. than the B the wi 


; ; height of the bin, 7 ft., hence it may be concluded that the bin was ey “knowin 
narrow. _ With sloped walls the theoretical values were from 40% to 50% | toe a let 


excess of the experimental values. 


Moulton® classifies all materials between liquids and solids, as “that t] 

_ A—solid, from moist sand to rock, dealing with walls, y the bin 

B—granular, from dry sand to wheat , dealing with bins. than t 


de alt. only with the first, many field observations Inded “an 


_ that the surface of rupture and surface ¢ of ‘Tepose are not plane; that fracture are he: 


in these materials i is ; conchoidal. | “a He notes that i in one of the subway t tunnels, ~ 
sit 

the fi floor of which was 68 ft. below street level, a break in the surface occurred t ee 

ata a distance of 50 ft. from the center line; the average line of rupture being. differe 


| ona a slope. of about 1: 2. . Tn the placer mine gravel banks at Dawson, Yukon 
lowing 


Co. 7 Canada, the natural slopes averaged about i: : 2, for heights up to 100 fi, 


wall must exert p pressure in n accordance with Meem’s theory. 


es It may be noticed that the writer makes no comment on the experimen al 
work of P. Goodrich and x Meem, Members, Am. Soe. C. and the 
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liquid, from wet to quicksand. fake 
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discussions as published in Transactions. Some recent work by | 
Finnan and Hummel, of the Institution of Civil Engineers: (1921), in in general 
agrees with the writer ’s results. As the work is still in progress, no more | 
than mention | is required. ‘Terzaghi* ejects all the existing theories ‘od 
starts the investigation of the : stresses in granular ‘fills following the method 
of Couplet (1727) but including» the frictional forces between grains. The — , 
lateral pressure per unit area due to liquids is given by the well- known 


hydrostatie formula, p=wh. ‘The same law h holds true for a mass of f smooth 


spheres of equal size. For any other assemblage of smooth spheres, the 
lateral pressure may be gre eater or less and i is denoted by kwh = p ’. Statical 


Tesistance is called the cause of the difference between Dp and | because it 


ndependently « of any frictional resistances acting at the surface of the q 


spheres. s. The statical resistance is merely the effect of the weight of individual 
grains tr ‘ansmitted by their neighbors to the wall of the confining vessels. Lies 


Should the ‘spheres become rough, ‘the e value of p’ is unchanged as long as 


d SiC 


the wall does not yield. © After a a given yield, frictional resistance will be set 
up due to the » roughness: of the grains requiring that work | be done in deform- 


ing 1 ‘the 1¢ shape of ‘the body. During the failure of a wall, one. ‘may distinguish — 


the first” phase, the interval in which the frictional resistance 18 


‘The experimental work, “deseribed | in “Engineering News- > of 
rt 30, 1920, , consisted of several sets of tests, the object ¢ of each of which © 
was to investigate one single point in the theory. Although several diagrams iy 
are given, no scale « or dimensions are given. At the time this article appeared, 
writer was working | on his a apparatus” and, therefore, was interested in 7 
knowing the type of apparatus and method used by Dr. Terzaghi. In 1 rely 


aw “The preliminary investigations made for my own experiments asin shown 


that the intensity of the earth pressure is strongly influenced by the side of 
‘the bin, unless the width of the bin is at least two and a half times greater 
po the height of the backfilling. As shown by Donath (1891) the use of 
= to measure the vertical component is utterly unreliable because of the ~~ 
inevitable vertical displacement of the wall. That is the reason why I adopted 
an indirect method for measuring the vertical component [several comments 
are here inserted on the design of. the Cincinnati apparatus]. 
_ “My own experiments were made on a very small scale, the height of the 
-Tetaining wall being 10 em. (4 inches) only. I was not. interested in the 
ee! but in the principle and in this case the size of the box makes no 

difference. The goal of was the determination of the elastic 

Remembering the size of the apparatus, the the fol- 

Earth pressure at rest—the ratio of lateral to vertical pressure was 


determined. The vertical pressure was applied by a testing machine on 
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1de 

notes t 
increase 
account taken resistances of the ‘sides of the frame, ‘nor the “assumes 
"pressure lost in deflecting the inner tape before it began to bind on the — 
tape, although the distance between the tapes ¢ could be made Very pressure 


ag 


2.—Horizontal —The test. wall (10 em high) rested on fric- 


of the 
tionless rollers, | and was tied to. a weighing scale with a cord "passing pee 
angle b 
through the fill. + ‘The: connection to the wall was probably at the 1 third point. 
Displacement of the wall was horizontal (sliding) and occurred by reducing 
x weights on the scale so that the active pressure was ‘obtained. — Coarse ii the b 


for any 
ing Coe 


~ backfilling with a coarse sand than with a fine sand. To. obtain an idea of 
= size of the apparatus, note | that 4 40 grains of sand in a line will extend the ae 

3- ertical Component single roller under the wall, and 

using an indirect method, the author claims to ‘measure the vertical com- 
with only a horizontal displacement. The bottom of the front end makes 1 
of the wall is provided with a steel button resting on a ground- -glass ‘surface. The 
The filling exerts a vertical component on the wall causing this steel button — — 
(placed very close to the bin) to bind on the glass. Weights are placed on resultec 
the farther end of the base of the wall until the wall. is balanced over the | He bel: 
roller, which is at about the mid- -point of the base. © The ‘computation of the of later 


vertical component requires the use of the horizontal component which was | by Wi i 
in dependently obtained. The author states “no pull is exerted i in a vertical can be 


direction by the measuring device on the retaining wall”. He ‘neglects the give at 
process. of counterbalaneing which | 1 causes t the face of the wall to move up a @ can be 
trifling distance, it is true, yet a vertical | "displacement does occur. The tion dy 
writer wishes" to note that in all present- ‘methods, stress is, determined Platfor 
strain in the direction of the stress; in other words, it is impossible to miniat 
measure a vertical force unless there is a vertical displacement, qualita 
ia 4.—Passive pressures were obtained in the same manner as the active «Gre 


5 components, but measurements were made while the wall was being forced _ tests, 


(2- 3mm, ) was used, because it is easier to produce a fairly homogeneous 


against: the fill. ‘shown in the Cincinnati ‘experiments, the amount of such 
- mov rement must be considerable, to correspond to the amount of yield in the with t] 
“second termed by the author r), before the passive pressure 

—Observing inter- movements Sheets of aluminum were cut Fre 
Fre 
"experi 
these | sheets assembled. Various other t tests, measuring the lateral pressure of th 
‘at rest and during the second phase are given. 4 During + the first phase, the es dsj 
$1) 
angle of friction on the wall being 34°, the resultant acted at angles of from ~ = 
5 to 20° for” various. kinds of The measured angle of ‘inclination, in- 
BAD nol § 
with the total, pressure. 
Wall. 
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‘discussing the action of the durin, 
notes” two phases. During the first phase, the 


increases: in direct proportion to the distance | of ¢ compression sana ‘the frie- 


tional resistance which acts between the surface of contact of the sand grains 


assumes maximum value The second phase starts with inter- granular 


movements, | he intensity of | which increases more rapidly than the earth 
pressure decreases. “ These movements are confined to a definite wedge of the 


“mass resting against the 1 wall, which ‘statement can be obtained by a study 

of the equilibrium of. ‘a mass of spheres. “slip” occurs only if the 

angle between the forces acting on some surface (surface of rupture) and 


the normal exceed a certain value, \ which i is the 


“The earth pressure against a perfectly rigid wall : is fairly independent 


of the bac ckfilling.” For sand, its value is 4 (0.42) y yh?, and the minimum value . 


for any backfilling can be caused by ay oe of the wall, and the correspond- ° 
_ ‘It should be noted that all these 


formulas include ‘the density, the previous statement that the 


density is independent of the material. The: conclusions are given the 
sake of completeness, not because of their quantitative value _ The writer 


writer ‘wishes to call. attention to: the close ent of the 


experimental work, when such work was on a a ‘reasonably large scale and 
resulted in consistent conclusions, with | the ‘results ¢ of the Camas tests. 
He believes that the smallest sized apparatus for the accurate determination 
of lateral earth pressure should be at least 5 ft. high, ; as was lel 
by W Cain, M. Am. E., in 1915. accurate readings 


can be obtained with a height of 3 to 4 ft. a 


a test wall 6 ft. 
give at least three accurate readings in. apart, from which reliable results — 
can be obtained. _ The readings should be taken | as directly a as possible, fric- 
tion dynamometers, springs, elastic gages, ete, ‘require too much calibration. a 
Sed 
‘Platform sea seales have proved reliable, accurate, sensitive. Experiments 01 on 
‘niniature apparatus are of no use; no one claims quantitative results, and d the 


“qualitative r results are not consistent with each other. 


Greater a attention must be paid to the } properties of the material used in the “sg 


tests. Physical, as well: as chemical and geological, analysis, including the 


determination of all the properties of the soil, is necessary for any comparison 
the work of others. 


From m the ott er wi 

experiments, the 1 writer - recommends the rules for 

of the lateral active earth pressure, to be used in the design of retaining walls 


—The resultant pressure is inclined to the wall, deviating ig from the | 


; ormal by an angle equal to the a angle of friction between the fill and the © a 


passive pressure, he also” 
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tT a -The resultant acts. above the third point, and, for a heavy surcharge, as 

“7 —T he amount of the horizontal component. is given ven closest by the we wedge 


, oe: taking as the angle, d; the experimentally y determined angle of internal 


“mination of lateral pressure of ‘granular materials. ‘This paper. concerns 


: only the first of a series of tests that the writer planned, but could not con- q ' 
a plete. The labor required is too much for an individual. The University Thi 
will welcome co- ‘operation ; the writer understands that the Society was asked J roundi 


to “recommend a graduate student to fill the vacant Baldwin Fellowship in press 
; | Civil Engineering. He hopes that the Society will avail itself of this oppor “power 


-4 tunity to get in touch with the w ork, and he will gladly give whatever assis: | cient 


tance he can bring the problem to a successful ‘solution. He wis to "makin 
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E ROCK SURROUNDIN 
"PRESSURE ‘TUNNELS 


On CHARLES P. Dunn,* Assoc. M. Aw. Soc. C. E. 


A iT his paper is a theoretical study « of the st stresses occurring i in 1 the rock sur- 
4 
tunnels, the e purpose of which is assist in developing 


_ pressure- -tunnel design, with particular reference to that part of high- pressure 


— conduits and penstock tunnels in which the rock cover alone is insuffi- 


cient to withstand safely the internal pressure. A. method is outlined for 
making calculations to determine whether strength must be provided in the | 
tunnel lining, and if so how x much. 

The subject is discussed a follows: 


Part I, Theory, i in which is presented a study of elastic stresses caused 
“internal ‘pressure i in a circular tunnel, the rock being assumed to be a homo- 


“geneous, we eightless ‘substance, w with the modulus of elasticity and factor of. i- 


Part: Practical Application, in which is described a method of 
ing the results of Part I to ) tunnel design, the weight ¢ of the coveri ‘ing ¢ material 


_ This subject is of interest to many engineers because the large ‘size of f 
modern _ Power installations makes the pressure tunnel the most ; economical — 


form of conduit at many sites. A great number of such tunnels have been : 


built recently, and many more are under | construction: or are contemplated. 


‘The writer realizes that on account of the hazards” and | uncertainties of 


tunnel construction, pressure- -tunnel design ‘must always” be controlled m more 


by experience and common sense than by theory, but he believes that a -con- 


sideration of the he problem as | presented in this paper will aid in forming : a 


In studying theoretically a problem of this kind, assumptions must be 


made, which are bound to ‘0 be i in error to a small extent and which will not 
fit exactly all conditions. The results of a study may be accurate e mathemat- 
‘ically, but the practical accuracy be of greater refinement than the 


accuracy of the basic assumptions. = “bia 
__ Nors. —Written discussion on this paper which will not be presented at any meeting — 
of the Society, will be closed with the August, 1923, Proceedings. ace finally closed oni s 
Paper, with discussion, will be published in Transactions. 
* Designing Engr., Portland Ry., & Power Co., ‘Portland, | Ore. 
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The theory ¢ as presented takes no account of fault planes or stratification, 


- the rock being as me ave a uniform mo dulus of elasticity and factor 


assumed to have a —s mo 


are on bores are, y applicable to 


problem is treated as if the tunnel a “thick cylinder” with anf 


infinite external radius. . This is sufficiently accurate for practical study of 


; the stresses due to internal pressure because, as will be shown, the great bulk 


of the stress is in the material immediately | ‘surroundi ng the bore, and only a 
7 small error is $ introduced by assuming the external radius | to be infinite when 


: actually it may be as small as 50 ft. over a tunnel 10 ft. in diameter. 


Consider first a tunnel of circular section in a weightless - material, having 
otherwise the char acteristics of homogeneous granite. - Assume for ‘the moment 


that the rock ca can carry tensile stresses elastically. Later, a reduction of com- 
7 pressive stress: ‘will be substituted for this tensile stress, which is assumed to 


’ - behave i in the same manner within the elastic limit, thus bringing the solution 


of the problem. into the field of practical usefulness. 
pi When fluid pressure is applied to the tunnel, the diameter w will increase: 


78 
elastically until the "pressure ‘balanced, the increase being a 


maximum at the wall of tunnel and zero an | infinite, radius. The 
deformation of | the rock in -diametral directions must occur: in such a way 


all its particles are in equilibrium. The ‘successive annular rings 


4 will | increase in diameter elastically until tension is set up in them, the: 


direct radia stresses being gradually balanced by circumferential tension, 


until, at an infinite radius, all the stresses in r radial directions — have been 

Notation. —In this paper, L, R, and T denote stresses longitudinal, radial 


and tangential, with respect to axis the tunnel. The subscript, 4, 


denotes apparent ‘stress, or ‘stress: external to th the particle under consider ation, 
and the subscript, . the true or internal stress as measured by - the deforma- 


tion. Additional subscripts are used to locate the stress being discussed, such 


na - Ros t to denote the apparent stress in a radial direction at the radius, 2 


the modulus of elasticity ; 


QA the factor of lateral deformation (Poisson’s ratio) ; 


== the radius of circular tunnel; and 


© ore = the radius to any point in the rock. 


hee Referring to Fig. 1, consider a adie between r, an mm annulus at the 


wall ul of the tunnel, and 2, another annulus of infinitesimally greater radius 


r, the particle’ being ‘enclosed between longitudinal and cross- -sectional 
planes, and the cylinders, r and When pressure is applied to the tunnel, 


there will be a “certain definite elastic i increase in the radius of the cylinder, 


and another (smaller) elastic increase in the radius of the: cylinder, 


; condition of equilibrium requires that the tangential and vedial 
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must adjust themselves so that the difference be- 
ts these two increases in radius will be equiva- 


lent to the deformation caused by the - mean true 


stress between r rand acting 

through distance, rz, and increase 

‘radius at z must be the same as it: would be if 


the: cy ylinder, z, was the surface of a tunnel sub- — 


_ jected to the unit pressure e, Raz. Raz is less than 


the unit stress, Ror by the amount | balanced by the — 
-_ cireumferential tension between r r r and z, z, and it 


also is smaller than R,, in inverse proportion to 
. the length of the radii, + and z, because, as 
Pot under consideration is enclosed be- 
1 


2 shows an infinitesimal of rock held in equilibrium the 

pairs of equal and opposite forces, Te Ry and quations (1) 


and (3) are based on the theory of the true stresses.* 


of the ‘because ‘the tunnel 1 may y be « 
sidered very long in proportion to its diameter, 


the thickness of shell of the “thick 
is very great in proportion to the - 
: diameter, therefore the tendency toward Iongi- 
tudinal deformation i is resisted by heavy shearing 


bending st stresses. Itisr realized that this as- 
-Sumption cannot be strictly ‘correct, 4 ‘that there 


must be some deformation longitudinally, par- 
ticularly near the ends of ‘the tunnel, but 


pears to be. much. nearer the truth than that of 


eur gun cy linder. Any consideration would introduce unwarrented 


complications in the problem, a the percentage of error ‘involved this” 


Meghanies Materials”, by Mansfield Merriman, M. Am. Soc. C. E., 1908 edition, 
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eee: at the conditions in a tunnel are quite different from _ 7 
those in a gun or other finite “thick cylinder” which is free to deform longitu- = 
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STRESSES IN ROCK SURROUNDING 


from Equations (2) and (5): 


jax 


from Equation (7): | 


from Ee (6): jg 


bee tue te “ay 


“also, as true unit stress is proportional to ilteiaiadliaaes: 4 = 


whic! 


the modulus of elasticity and Poisson’ ratio to be the 


directions, it is reasonable to’ consider (for stresses within: ‘the 


Deformation = = x: a a constant 


rom qua ions (7) an 2), or rom quation 
a +2? ) R, (15) 


Equat 15) and 13): 


+E 

al Referring to Fig. 38, in ‘order that ‘equilibrium may exist, the total of | all: 
te forces due to internal al pressure acting perpendicular to a radius within 1 the 


bore, B, must be equal and opposite to the total of all the forces acting per- 
to the same e radius outside the bore, 


axis, will be. equal ‘to ‘the e area, BL 


Paper 
664, 
j 

— 

— 4 a 
— 

&g 

— by th 
io 

7 
— 
. 
— 
4a 7 
and, 


F 


*4 


ac 


The of forces may be ‘stated i in “another manner, . as in 
‘Fig. 4, = Taking the force perpendicular to any finite radius, x, the — 
pressure on the annulus, 2, is and in order that equilibrium 1 may exist, 


An 


“must be to: 


Ry, 
lastic 


5 Pee 


method followed was the calculation o of and deformation curves 

as shown in Fig. 5, by assuming, first, a a a value f for the internal pressure, 

ting: ,. and, second, a: an estimate of the cor responding value, for the elastic increase in 

at an 


diameter, . The curves: ‘were determined by calculating the stresses 
d the © 


corresponding to small increments of radius” successively. 


of 
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bite the equations of the 
| 
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ness, 


and s 
From estimated values, Mean was by Equation and 


42 d M T, by Equat inere 
), and Mean T, by Equa ation (8). a 
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‘The ee unit stress at 2x, balanced by tension in the annulus of thickness, 


42, is, therefore, is subtracted from R, 7 This” remaining 


t ~ | 


the point where the ise + 42, the unit being: reduced in 
to | the increase in area, or as the change in radius. 


The value of Rat thus been approximated, the estimated 
of Mean R, for the increment may be checked and corrected, and the calcula- 
tion repeated if necessary. By plotting the curve step | by step with h the calcul a> 

4 tion, | the e values ¢ could be estimated quite e accurately in in advance. 7 a 
we Mean Ry was then calculated by sagged and the deformation due 
annulu 


a The increase of the radius, ot. 4x, due to elastic stress is s less than the 


- increase of the radius, x, by the amount of compressive deformation in thick- 


_ * Mean Ta denotes the mean between z and A 2. ibs 
+ Mean Ri denotes the mean betwee x Aa 
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“_ subtracted from: the i increase at the radius, x. The amount of the elastic 


] direction. This iin was ‘determined | by ‘Equation (20) 7 
> 


increase in diameter at Ax having» thus been approximated, the value 


was found that the curves ‘were 


e rather r sensitive to errors i in preliminar; 


assumed for the mean could be checked, and corrected if necessary. 


values, too large an assumed va value of elastic increase in 
——— the curve, Ra to cross the a. axis and too small ; a value causing the 


exist if all the conditions outlined previously a1 are satisfied. 


‘curve, T,, to cross ‘the a-a axis, either of. which conditions evidently annot 


. W hen the correct value of incre: ase in diameter is assumed, the curves, 


and coincide, indicating a _value of 1 for the constant, in in E qua- 


tion (16), and approach the x-axis at an infinite radiu ee oe 
A number of calculations have been made, with variations of F, diameter, 
and internal pressure, to determine the effect of each on the result, and 


following equation for the clastic inerease in 2 any diameter, 2a, has | been 
established beyond any reasonable. doubt, and is sufficiently accur: ate 


lastic ine rease (of an any diameter, 2x) 


ase (of diameter 


aining 


spot itifeln: wat + an. sel a? 


Referring to to Fi ig. 3, this calculation is is checked by, ay 


Fig. 6 shows the elastic change in , in ofa a 


| value inn rock for 


eula- ‘the externs r fi ite. 

1 ‘Referring to ‘Fig. 7 4, consider, first, the forces holding the rock partic ‘les in 

‘equilibrium before the tunnel is excavated. ont tak 
The vertical stresses, v, are imposed by the weight of the overlying material, _ 
and the horizontal stresses, h, are imposed by the tendency to lateral deforma- — 


tion, may be: assumed that, in a a large at rock, lateral deformation does 


~ 


wr the 
lation 
= 
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established by 
cr, 
(23) 
(19) 
— 
4 
an the 
¥ ~  @ are equal and opposite in all directions. If this assumption is made, the true ’ 
ah 
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or internal horizontal | stress” is ‘zero, » and an apparent or external ry 
zo stress exists in all directions in a horizontal plane which is measured by Xv. = 


q 
4 
q 
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DIAGRAM SHOWING ELASTIC CHANGE 
IN DIAMETER OF CIRCULAR TUNNEL 
SECTION IN ROCK FOR VARIOUS VAL- | 
UES OF DIAMETER., INTERNAL PRESS- | 
URE. XAND €, THE EXTERNAL RADIUS 

BEING INFINITE, 


20 


la 


he 


which about a in stresses such that the Toads 

formerly carried by t these s struts are carried by cir- 

cumferential compression, and, within the elastic 0.20 

limit, the distribution of the additional stresses” wher 


will be as presented in Part I, with opposite sign. 


The apparent circumferential ‘compressive stress, 


Ty a at Point 4 A, caused ‘the removal of the for ce, 


Y, will be e equal in amount to V; ; this <a be 


Fost added to the horizontal stress, H, already exis 


eh 
at A, 1 making the total apparent tangential stress 


at A equal to V-+H. In like manner (neglecting _ 


the difference in the quantity: of material ov er- 
lying A ar wail B), the tangential stress a at B is ‘the same as at ie namely, 

a 3 If internal fluid y pressure is applied to the tunnel at. aunit pressure, H a vs 


_ the initial circumferential compressive stresses will be balanced by the ten- ‘d 
dency of the internal pressure produce tension. Any additional internal 


will be a a tendency - for the rock particles to separate, and for existing 
natural sea seams, relieved of initial compression, to 
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ye 
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RELATION OF DEPTH OF 

OVERBURDEN TO INTER- 
NAL PRESSURE AT WHICH 
TENSION EXISTS,ROCK 
170 LB.PER CU.FT.\=0.20 


100 300 400 500 600 
Pressure in Pounds per Square inch 


_ burden to the critical pressure at v which apparent tension exists in 1 the ro rock 
immediately surrounding the bore. It will be noted that safety factor is 


included in the diagram. The factor of lateral deformation, is taken 


— 0.20 0 and the weight of nae rock at. 170 b. per cu. ft. Apparent tension exists 
‘ whenever the head of water, in feet, is more than three and one- aia ential times 
the: head or r the rock over- -burden, in feet. 


tt must be borne in mind that : any rock r may y contain | seams, arched over, 
_ which’ will not be closed by the weight of the over- burden. Such seams - 
posed. to water pressure would allow a dangerous and possibly disastrous" 


4 
hy drostatic pressure re to develop over large areas in the rock. For this reason, 
pressure tunnels ordinarily must: be sealed with a lining as nearly water- 


tight. as practicable. Where the is the lining should be a 
4 dense concrete and the seams in the rock should be grouted under pressure. 7 


| Where the: tunnel approaches the surface as in the case of a penstock, the lining 
i; ‘should be of steel plate of whatever strength 1 may be necessary to make up the 
deficiency i in the e strength o of the rock, with a backing of porous concrete - freely 


in ‘tunnels ‘should be a porous mix, with placed i in it to carry 
away any leakage through the lining and to relieve external ground- water 


pres essure, Fig. 9.) If such construction is impracticable, other provi- 
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"sure, such as angle or ring of the : steel. 
grout should be used in steel- lined ‘pe ock tunnels where porous ¢ con-— 


Baja 
exister 
taken, 


lining need 

great e the shrinkage of the concrete on setting will be 
sufficient to render it ineffective, except to transmit direct stresses in radial 

_ directions (this makes the ins, diameter of ‘the ‘tunnel the diameter of the was t 


excavation) ; and (0) ordinarily, the pressures to be transmitted in a radial the G 
are nc 


tical experiences with pressure tunnels will be therein. 
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IN RELATION CALIFORNIA 


| 

Assoo. M. ‘Soe. O. ae 


Baja California, Mexico. ‘The reason ‘for. the diversion, the ‘conditions _ 


existed to affect its success, the considerations that determined the work under- —— 
taken, and the manner in which the diversion was completed, are discussed. 
| An initial stream flow that was only a small proportion « of the flood dis- 


/ 


charge was used to > start the diversion. The river made its own channel. along y 
the diverted route, eroding and probably from 2 000 000 


657 000 cu. - yd a. were — 


= 


are wholly in ‘its: own alluvial silts which now 
the northern end of the Gulf of California. From the present head of 
the Gulf, a great bed of alluvium extends north and includes the Salton Sea, 


in California. (See Fig. 1. ) The Salton Sea is situated at what was formerly 


the: northern end of the Gulf, and its bottom is ; about 275 ft. below mean 

‘sea evel. The width of the alluvium bed is shown on Fig. 1, within the 
contour line marked “Ancient Beach Line” 

In es arly ages, this turbid 1 river deposited its silt burden in in Gulf, 
building a a deltaic ridge. across” it to. the western shore cutting off the 

“northern end. The Colorado has since been distributing | soil on this ridge, 
and the flow alternating: down the ‘slopes in 1 eycles has produced depositions 
of stratified silt and alternate submergences and re- appearances of the valley 


bottom. When the flow was entirely down the Gulf slope, evaporation | left 
the valley ‘soils parched and arid, 
Complete s submergence to about 30 ft. above ‘sea level, which is the « eleva- 
‘ton of the ‘delta ridge at its western end, would have occurred again during 
the pi present century had not the agricultural possibilities of “the valley led 
to the dey elopment, since 1900, of an extensive international irrigation project 
on which from 600 000 to 650000 acres of this fertile alluvium are now — 


‘irrigated. During. 1905- 06 the entire of the. Colorado River 
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the paper, with discussion, will be published in Transactions, 
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on Sea we was then formed. This inflow, its 


the operations undertaken to force the river on its delta 


; esd (at the location marked A on Fig. 1), have been described. wd 
all th 
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Since that outbreak, the tendency of the river has been to flow down dod 
= slopes and to abandon 1 its course to the Gulf. ‘The ‘definite changes cs | 
in the course of the river shown at B, C, and D, on Fig. 1, occurred i in 1909, 


* “ Irrigation and River Control in the Colorado River Delta’, by H. T. Cory, M. Am. Soc. 
Transactions, Am. Soc. C. E., LXXVI (1913), p. 1204. 
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1918, and 1921, ‘respectively, and are in that direction. To ‘oppose this 
tendency, the levee system shown, has been built. Following the operations | 7 
that returned ‘the river to its course to the Gulf, in February, 1907, the 
lev ee of the California Development ‘Company was built to deflect the flood 
Ww aters farther t to the south. In the following three to five years, the Ockerson, 
Saiz, and Volcano Lake Levees were built to the heights then deemed aauninne. 4 
All these levees, having a total length of 65 miles, have had to be heightened 
and strengthened, from time to time, and continually Tepaired | at the t breaches 
re The western a miles of the Vv oleano Lake Levee has been raised 10.5 » ft. 


increased each 


this Teves alone. Both the Levee and ‘the 
have been heavily revetted with rock over their entire river slopes, and some 
“engineers advocate further raising and ‘strengthening to keep ahead « of the 


Channel formed wail 
1920 Floods 


5800 seo, ft, 


2 


Fig. 2 shows the elevating ‘process | of the r ‘viver bed and its banks. The 


- Shaded po portion is the blanket of silt deposited on the north bank of Bee River ° 


between September, 1918, December, 1920, locations several miles 
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apart. _ During this period, only one flood of long duration occurred (June, | : 
1920), that could have contributed most of this deposition. The flood water 


viver 


4 that overflows the river banks loses its velocity, due to ‘spreading through the pe 
= heavy growth of brush. The silt burden is deposited and the ground i is thus J pee 


a elevated. } , Although sufficient channel capacity for a major part of the flow of | i... 


the 3 river is maintained » deposition tends to keep the river on the Tidge, — om 


each bank becomes, in ‘effect, a thickened levee several hundred feet wide, , well _feasib 
revetted with a dense g gr owth of brush and trees through the overflow can tion v 
percolate but ¢ cannot erode channels i in the slope. s the flood velocities “tow are 


south 


diminish, the river bed is refilled with silt and sand- pat that deflect the ae 
‘of subsequent freshets, causing _undereutting caving of banks. These 


changes in the meandering of the river thus broaden | as well as 


Lard 
& 

<j 
o © 
PS 


nadie: ‘The large annual expenditures for levee building and maintenance ai natiot 


burdens, and the weakened condition of the levees. during high floods causes 


_ apprehension and anxiety which : are harmful both to and values and to the 


Drv 


prehet 
been 

travel 


iF The as of the bed and banks of the Bee or Abejas River (the name | | 

given that part of the Colorado River between the abandoned > channel of 

and Volcano Lake), are from 8 15 ft. higher along ‘their “present 

7 -meander i they were on the meander of 1909- 10, at about the same easterly 

: or westerly | locations. The banks 3 are the highest elevations of | of the de deltaic 
_ ridge, the ground sloping away from the river on each s side. Se ae 

- a ‘Investigations during the winter of 1920- 21 showed that it was feasible > for 
- the river ‘to flow down the Gulf slope and that it it might be turned from the 
ridge” provided a sufficient quantity of water could be diverted to produce 


erosion in the friable alluvium, so that the initial 


channel along the diverted course would become enlarged to accommodate the 


increasing flood discharges of the river. 
With complete diversion accomplished, there would be no flow to the 


7 
- Clem Lake region, no flood waters a; against the Saiz and Voleano Lake Levees, 
oe a lowering of the flood- -water elevations along the Ockerson Levee should 
be expected. . This betterment would be permanent for the Saiz and Volcano 
‘Lake -Levees and of several years’ duration for the Ockerson Levee, ort until 
depositi n along the meanders of 1 the diverted course had again the 
its present elevations up stream from: the diversion point. Before 
such a ‘period passes, however, it is hoped that ‘permanent relief from floods 
; will. have been attained by the construction of the proposed Boulder Canyon 
‘Dam, more than | 300 m: miles up up stream from the « delta. 


= The slope of the: river, from the International Boundary Line to the wes | 
Saiz Levee, near ole Lake, taken by noting at 11 


4 
oo 
4 
— 
— 
- 
v= 
— 
— 
te 
od 
& 
“NAY 
¢ 
4 
ee 
%¢ 
points and at four intermediate points. ‘The slopes varied between 0.5) It. and 


To rere the site for the diversion, ‘surveys 0 


Ww westerly from the Ockerson Levee were made. were run 


ACTOSS: 8 the si south bank tow ard the old 1909 channel, whieh i is visible in — 

‘and toward the upper yer ends of deltaic effluents, about 7 te miles westerly. ‘em <_ 

? __ The site, s shown on F ig. 1, was chosen beeause (1) it is the first point 
Ige, as 3 
where the river is | between defined narrow banks, thus affording 
e, well 


iad Nines feasible e point at which to close the. river channel; @) the quantity of exeava- 
can 


tion would be less than one-half that required for similar channels directed 


ocities toward 1909 


flow 


These inlet to excavated not remain wi the main 


During September, 1921, an aerial survey of river between the Inter- 

national Boundary Line and Voleano Lake was made, that g: gave a more 

causes prehensive -_— of the main channel with its effluent streams, than could have 

been obtained otherwise. The survey was” not precise, 2, but, from existing 

trave erses and leve ees, the ‘small errors could be corrected for n mapping purposes. 7 


Tt COV ered. an area of 214 Sq. and cost $3 000, or $14 per sq. mile. 
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treme 3 shows a map of the Pescade Country, south of B ee River, the extent 

and of V oleano Lake i in 1904, which is now silted in, and. a profile across the Gulf 

ry ve slope from the diversion site to the head of the Gulf. ‘Fig. 4isa profile a along me 


the first miles of this slope and shows the comparative elevations of the 
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levees, high-water lines, , and the height of the proposed d dam. The grade lines" 
of the bottoms of the proposed channels i in the first 4 miles ¢ are al also 0 shown, — y 


together — with the lowest gradient. that should be expected, ov owing ng to. erosion 
and bed recession becoming stabilized on a ‘slope of about 1 ft. ‘per mile, which 


is the grade apparently 1 maintained i in the al alluvium for large volumes of flow. 
These profiles show the feasibility of a diversion from the location selected, 


which is enhanced by the existence of the effluents that serve to confine the 


diverted waters in channels and thereby to assist in draining the water away 
the lower end of the dredged channels. 
‘River Cua ARACTERISTICS AFFECTING THE ERSION 
= rs niin ing are the characteristics of the river and the conditions that | 


exist at the site to affect the success of the diversion: = | 


Har: (1) High floods of 1 100 000 to 200 000 sec- -ft. , are certain in May or June 
of each year, and are probable i in ¢ J anuary or February. 0 Freshets of 10 000 to 0 


60 000 sec-ft. may be expected at any ‘time. 
a — (2) Low discharges « of 4000 to 10 000 sec- -ft., for periods of several weeks’ 
duration, occur between August and. Mare 


er 


ba (3) The river lacks channel capacity for its high ‘discharges. Sa on 


e (4) The bed of the river varies in elevation at | low and high discharges. re 


a 
Overflowed ground not subject to erosion produces a rapid growth of | 


“6 (6) The e capacity of the ri river for soil transportation and | deposition i is great. 


(4 ) For soil erosion, large « quantities of we ater ter flowing at high velocities 


Characteristies (6) (7) are worthy of brief discussion. The soil 
transportation ‘comprises the silt content carried in suspension | at all times 


of the year and the sands or heavier ‘silts that are rolled along the bottom 


ables 1 and 2 give the mean average monthly- percentages for the 


years: ending with 1921, and the 1 maximum percentages in each month for 1919, 
1920, and 1921, of silt i in ‘suspension: in the Colorado River, as. measured ¢ at 7 


Yuma, Ariz., by the U. S. Reclamation Service. 


as 
TABLE 1. Mean ‘PERCENTAGES oF SILT. (BY. W. EIGHT), in CoLorapo 
River Discnare ES FoR 1912 To 1921 
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TABLE 2 Ly mM PERCENTAGES: For 1919 TO 1921, 
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suspension 0 over ‘the ‘deltaic ridge behind tie levee system, month 
each year ‘since 1912, the greater part of this quantity having passed the 
diversion site. "These quantities are for lo osely deposited soil and were ealeu- 
lated by using the formula a adopted by the office of U. 


fate: feet of silt = acre-feet of discharge percentage of silt by w 
to if he ellen, 0.727, is the ratio | vo weight of 1 cu. ft. of water wing that 


1 cu. ft. of loosely deposited silt = —— - 

TABLE 3. V OLU ES OF Sor L, IN TRANSPORTED 

SusPENsIoN To THE CoLorapo River Det LTA, FOR 4912 1 To 
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99 547 71 80 584 


These figures total 948 498 acre- for the’ 10- 709% of 


are 


this quantity been deposited on the Bee Riv er Ridge | behind the 


over a meandering width of 4 miles and a length of 25 miles, this area a 


have been raised more than 10 ft. since 1912. 
‘The transportation of bed sand is not included in the quantities, as the 


percentages of silt give en are a measure of the turbidity. a 


a of the river at = uma and at Andrade, Calif. , during periods of high floo 
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January............| 477 | 225 | 1298) 2119] 82770| 1581} 294) 114} 2419| 446 
February..........) 1136 | 587 | 3 167 | 18.040 | 17 184 | 712 | 633 | 20 057 319 dey 
March 4488 | 1841 | 5 355 | 5 599 | 24 121 | 5 572 | 8146 | 2 89% 
13 4 April...............] 9 618 | 12 811 |.10 613 | 14 637 | 16 451 | 10 217 | 1899 | 6604] 7081/ 1 531 pre 
19 875 | 18 819 | 21 952 | 21 295 | 22 247 | 19982 | 5 885 | 7 O91 | 17 441 | 14205 
| 22 765 | 20 489 | 21 994 | 19 802 | 15 602 | 20 000 | 13.075 | 6 910 | 35 559 095 
| 895 | 21 118 | 15 147 | 9 818 | 18 486 | 17 565 | 11 144 | 11 084 | 12 350 1 
August ............/ 10 910 | 1 859 | 10 018 | 2 650 | 20 465 | 6 423 | 2098| 5 167 | 5 089 | 29 609 dey 
2124 | 1579| 1961| 3355 | 625 479) 868 1 080 | 11 
Yearly totals .. 48 825 | 47 847 108 738 | 99 156 at 
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much as 20 ft. lower than the elevation of the normal river bed during a 
water periods. Assuming a conservative deepening of 9 ft. for a width of — 
- 600 : ft., the volume of soil moved in each 100 miles of the river is 105 5 600 0.000 cu. 

of this soil probably falls behind the flood wave to fill” 
_ the river bed again at locations down stream from its former position, its trav el 
toward its destination on on the delta may © not be as peer as that of soil trans- 7 
ported - in ‘suspension, but. undoubtedly g1 “gre eat quantities are mov ved along the 


= The capacity of the river for erosion in its own alluvium i is best conceived — ° 
by an example. _ Table 2 2 shows the silt content to have been more than 4% 


sia 


Quce 


and, for of the ‘year, , less 05 per cent. small part the 


flow” is diverted through ‘its own alluvial deposit and its velocity is greatly 


te a’ increased, this part has: the power to absorb and transport in suspension a _ 
higher proportion of silt. Assume that it gathers only 1% additional silt 
“that the flow is only 2 2 700 see- ft. — This: flow is | 100 cu. yd, of water per sec., q 


whieh i is equivalent to 1 cu. yd. of soil transported per second, or or 86 400 cu. yd. 


per day. such rapid” erosion, provided increasing volumes. of water are 


ailable- to the diverted course, any channel can be quickly enlarged so that: 


the entire river flow will follow the new course, cially i if its 
direetion on gradients. .is effectively blocked. 


mM 


dense of thick 86 400 of soil be 


for 2700 sec-ft. of charged with a of only 1 per cent. 


‘Worx UNDERTAKEN TO CoMMENCE THE Diversion 


‘The work to be done was based on the following conclusions: os Se 


Ge 


An initial flow of 5 5.000 to 10 000 -sec- ft. of diverted water, 
depth of several feet, and confined to a channel having a slope that — a 
produce er osional 1 velocities in the e alluvial soils, was judged to be the m minimum — 

"necessary to commence erosion and to maintain flow conditions. A A shallow 
‘depth of fl flow would be of no service ; therefore, the bottom of an excavated 
chs nel m must be well below the w water surface of the river. The water surface — 
of the river was about Elevation 68 for low- water conditions and E levation TT. 4 _ 


- during the high flood of June, 1921, “(See Fig. 4.) The bed of the river io 


SA 


at Elevation 62 for low water and was probably scoured to about Elevation 40 
of, of (2) The minimum excavation necessary to produce this flow required th at * 
rok — the han 1 have maximum hy draulic radii for depths | of 4 to 8 ft. of water. — 
Such channel would be semi-circular in section, but a rectangular section of 
same top width and depth was favored, as undercutting was di desired. 
As the diverted initial flow i is only one- fortieth to one- twentieth of that 
scout high flood, it i is apparent that, to make the diversion complete, twenty 


thirty times the ponies exca avated, must be ¢ eroded a 
is as as 
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DIVERSION ON D 
—v @® An excavated. width of more than 200 ) ft, would be necessary | for the 


“required initial flow. ji The dumping of the excavated soil limited the to 
about 100 ft.; comparisons of discharges and velocities for one channel, 216 
= it wide, for two parallel channels, each 108 ft. wide, and for three parallel 


- channels, ‘each 72 ft. wide, were made, as as shown i in Table 4, for each foot- depth 
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ren! Eacu or Taree CHANNELs, 72 Fr. “ast 
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"2. ft. widths, as there would be less likelihood of the larger channels becoming 
_ choked with the large masses of floating driftwood. . When dredging was oo 
‘| 


menced c on the first shannel, the bottom width was reduced to 93 ft., Wie side 


slopes of 1g distance in ‘the deepest 


4a 


ile, leaving the river at 67, 10 ft. below and to 
grade of 4 ft. per mile at Station 112. _ After excavation had progressed — 


stream from the arroyo toward Station 112, it was decided to lower the: 
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grade 3 ft. te Elevation | 64, at the river. This explains the level grade Tine 
Be eliminate this level grade line a further improvement was begun . As the 
- channel w: ‘was ‘nearing completion in December, 1921, a cut, 60 ft. wide, — 


was made on the grade of 2 ft. per | mile from Elevation 64 , thus effectively a 7 


lowering the original | bottom 3 ft. As shown on on Fig. 4, this eut was never com- 4 
"pleted, however, and as it developed later, no change from the original grade “ 
an 2 -ft. per mile from Elevation 67 was necessary, as there would have ~_ 

entry head of 8 ft. when the cut was opened. 
was planned to begin | the diversion early | in J when | 
conditions usually prevail and when the river could be controlled. Att that 


- time of the ‘year, the flow i is sometimes as small as 5 000 sec- -ft. and, for many 
a ‘months, it may continue | at less than 20000 sec-ft. . Under these conditions, a 
- dam could be built below the inlet of the ‘diversion, and such discharges as 
Ww ere available could be used to begin recession and enlargement of the chan- 
nel prior to the annual summer flood that has scouring velocities averaging 
ft. per sec., on its present slope of about 1 ft. per mile. 
ol As the initial capacity of the excavated channel was only a small propor 
tion of the capacity of the river channel during flood, and as the 1 river was 
on a ridge, no dam could impound the flood flow. a Discharge in excess of the 
= _ capacity of t the diversion channel would quickly overflow the river banks and, 
. - for this : reason, ‘the dam was built only 3 to 4 ft. higher than the banks, and a 
small levee, of similar height, was built along the north bank from the dam — 


to the Ockerson Levee, in order to confine the overflow. to the south h bank, » up 
The foundations and end abutments of the dam could be impervi- 
ow ous, because. of | the nature of the soil. A strong obstruction i in the river ‘channel — 
was” also not considered desirable until sufficient enlargement had been 
q demonstrated, because, if the levee along the north bank should fail at any 
point, the river might change its direction to the 2 north and abandon its course 7 
into the diversion channels. " For high freshets prior to the annual flood, this’ . 


" danger did not exist, as such freshets only lasted a few days, and the topography 


— 


Bay Because of this element of danger, Nietecanaih made the weak link, its 
‘ “function being to divert the low-river flow so that as much erosion as possible oi - 
be ‘obtained by freshets : and by the increasing flow of the annual flood. 
If these quantities happened to increase gradually, the complete diversion 
5 might have been made without the breaking of the dam. It would seem, also, : 
: that for yr such ideal conditions there must be a free outlet at the south end of the Ps 


channels, and the fall of the country makes this appear to be feasible. 


a. ‘Fig. 5 shows the work that was done. Three channels are shown, but only 
“the east « channel was made sufficiently deep and long to function effectively 
-_ to the June flood. | _ The other two channels were, ‘not intended to be 
opened to the river until prolonged high water. Fig. 6 is a view of the inlets “" 
the three channels, Channel No. 3 being and Channel 


No. 1 and Bee River in background. 
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The excavation was made with three 1.5-cu. yd. one -cu. yd. 
_ dragiline. . Before the | end ot January, 657 093 cu. yd. had been excavated by — 


= 

working” continuously day and night. this ye arde age, ‘451 637 cu. yd. 

from the main or east channel. 7 


wre 


ad, 


D 
Levee ang 


Approximate Bottom 
May 27th 1922 25'to 40” 


were Ww vith laborers for clearing the ground along 
the route of the diversion and for 34 miles along the arroyo beyond the lower | 


of the excavated channel. | In all, 583. A4 acres were cleared south of the 
iver. cleared strip, ¢ comprising 74.52 acres, was along ‘the ‘north 


Levee. railroad: track was first on surface of the 


ground, in order to deliver materials and equipment for the dam, as quickly 


as possible. --Pile- -driving for the trestle of the dam was commenced on Decem- 
ber 1st, 1921, and by December 24th, the trestle had been completed a and the — 


track laid across the river. Site to seur: 


was expected that the channel would be river, and ‘that 

the dam would be completed during January, 1922, at which time low flow con- 

ditions ; usually « can be expected.  Howeve er, a flash flood on December 25th, 

1921, destroyed the trestle which was then n nearing completion. This flood was — 
followed by another on January 4th or 5th, 1922 , the water surface in the 
river reaching Elevation 75. 55, : less than ft. ies top of the banks. 

- Advantage was taken of this high water, and the barrier, left in the first « 


channel 3 700 ft. from the river, was cut at 7:20 p. M., on January 5th. On 

“the morning of Ji anuary 6th, the channel was discharging 7 7 000 to 8.000 sec-ft.. 

ata velocity of about 6 ft. ‘per sec. . Fig. 7 is a view of the diversion channel 
before the barrier broken on January ‘Sth, 1922. ‘Fig. is a view of the 


channel, down n stream n from the inlet on Sanuary 10th, 1922. The had 


‘ 


at From J anuary » to May, the discharges i in the diversion channel v were I baud 

~ daily at a point 3 700 ft. from Bee River, and gauges, set along the channel and 
in the river, were also read. These rita shown on ‘Fig. 10, reveale ed # 
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the progress of the diversion 
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_ rom January 15th to F ebruary 11th, 1922, the discharge of the river was | 
very low, and o- only | a small quantity of of water passed. 1 through t the diversion. . 
A second freshet with twin peaks, shown on Fig. Lig reached a maximum of 7 


- This freshet made the 
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Discharge in Thousands of Second Feet 
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as shown. ‘he freshet ‘after February 20th, when the Ww vas 
_ made effective | and caused ‘the entire flow of the river to pass through the 


a channel and the lowering of an 1 additional 6 ft. of the bottom, by February 27th. 

4 By March ‘th, this lowering increased thus making the bottom 
at the meter station, Elevation 47, or 30 ft. below the top of the river banks. 
profile along ‘the bottom, taken on M arch ‘14th (Fig. 9), showed tha it 
recession which was evident at the station, had extended up stream 


to the river and also down stream. 


March 6th to 18th, 1 1988, the lessening discharge of the river caused 


the discharge i in the channel to decrease from il 400 to 5 500 see- ft. ‘However, 
~ bottom did not silt i in, but remained about at Elevation 47, and the ponda we 


» stream from the dam drained into the cut, leaving the dam high and dry. 


freshet occurred on March 20th, its arrival being very sudden. 


BAM,a flood. wave ‘of 21.000 ft. had arrived at the diver sion, ‘the discharge 


“rising 6000 to 21000— see- -ft., without any warning from stream 


"sources. Tt was thought that the Sei’ would withhold the strain on it, but on 
account of serious sloughing, a small gap | in the middle of the dam was made 

7 with explosives es. However, before the gap became eff effective, the north end of 
- the dam failed at 7 ds :00 a A.M, and, in a few minutes, 130 ft. of it had washed 

= awe ay, with the river cutting around it into the north bank. — The failure of the 
= together with the rapid fall of the flood wave, was responsible for the 
small discharges diverted and fer the : raising of the bottom sbout 5 5 ft. before 


Fortunately, for | the Ww ork on the cut, although for the cos cost of 


a 1 peak ¢ of 30.800 sec-ft. and remained in oes of 15 000 see- o-ft. i ‘April Gth. 


a he significance of this third freshet was the evident increase in that propor: 
tion of the discharge of the river that | followed t the d diverted course of the 
channel when no obstruction. was offered by the dam. | This forecasted the 
- The break j in the damn. was closed by April 11th, and the discharge of t the 
rer decreased from 16 000 0 see-ft. o on 1 April 12th, to » Tess than 9 000 sec-ft., on 
April 28th. when the 


gauge showed a rise val 3.2 ft. E levation 4, . On ‘May ist, the cut 
Ww as discharging more than 27 000 sec- »-ft. and ¢ on 1 May 2d, the gauge was 76. . 7 


‘tt. , or 1 ft. below the river banks. Fig. 11 is a view down stream from the rons | 
“station on May 3 3d, when the channel was carrying 29 560 sec-ft. _ Channels 1 | 
and 2-may be seen to unite in the background. Fig. 12 is a a view at the south | 
endo of the dam, showing w w here it nearly failed on May” 3d. Fig. 13 is a view | up 
; stream from the meter st station on May 3d, and shows tht effects _ erosion on 

the spoil banks of Channels 1 and 2. wa if 

May 6th and the dam was menaced and was saved by dumping 
_ trainloads of heavy rock along its face. Inlet conditions rapidly improved | with» 

the inereasing discharges, reaching ‘42 400. sec- ft. on May 7th, 56 800 ft. 


May 13th, and 71 200 sec- 2-ft. on May 18th. is noteworthy that the gauge 
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; held steady within i} ft., while the diversion channel increased in capacity 


from 28 4( 400 to 1 200 sec- thus showing that erosion was taking ‘place as as 


rapidly as as the i increasing became available. 


Trestle broken 


January 10th 1922 
= 2800 ) ft. i Q= 
Pondage Elev, 72, 8 ft. 
Drained into cut and : 
become dry 13th to 19th 


Q=1540 sec. ft. 


March 11th 1922 ay. Break of March 20th, 
Q= 180s sec, ‘ft. : when head on Dam 


2 29 560 sec. ft. 2 420 sec. ft. 


= 


May 14th 1922 
Q=61 00sec. ft. 


Fh An inspection was made in a motor launch slong the diversion, for 6 miles 
below the dam, on May 27th, and showed the excellent inlet conditions illus- 

trated i in Fig. 14, and a river, 400 to 600 ft. wide, on a straight course, over oo 
flowing its banks on both ‘sides into the thick brush. - However, it was dis- 
appointing not to be able to proceed farther because of sand-bars that had 
filled the deep arroyo at the bend shown at @ on Fig. 5. From 50 000 to 


60 000 sec-ft. was flowing into the inlet, /and no > ground was visible below it; : 7 
a 3-1 -in. overflow at, say, a velocity of 2 it. per sec., the 12 miles of banks 


ishing 20 000 sec-ft. to follow the overflowing arroyo. Bisa view of the 
Arroyo in 1921, below the lower end of the diversion cut. ‘There 
were many beaver dams impounding the water. The kink i in the arroyo, 
fact that except for as short distance below the point, -a, no clearing had been 
done, as well as the curvature of the arroyo to the north, probably caused it = ; 
‘to fill with the eroded soils from the diversion. — _ The ground at a is about 7 
Elevation 59, and the» water surface a at t the inlet was at Elevation "6; there- [- 
fore, the slope of the water surface was 15 to 17 ft. in 6 miles, or 2. 5 to 3 
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5 ft. per sec. 


Pap per 


as by the speed of the | the velocities were probably. 10 


5 


ar ‘The probable bottom wit the diversion | at this stage is shown as a dotted 
a Tine 0 on the profile, Fig. 4, and | it would a appear that oe ump between Mile 


on Mer Tune Ist, 1922 2, , the flood increased gradually and reached its peak 
of 112 000 sec-ft. on June 10th, with a gauge of 77.7 ft., or 1.7 ft. higher than — 
that when. the discharge was only 28 400 sec- ft. 


HS 


22d, the dise barge was again in excess of 100 000 ft, 
recorded, 0.2 ft. higher than that 
4 on June 10th, for a little | Ho Sicha ~ Much rock was dumped during this 


e period, in order t to hold 1 the levee at the south end of the dam, as it was _ 

feared that: if the levee was. breached and deeply “undercut, back ‘sloughing 
» 24th (see Fig. 4), the flood sub- 
was less than 10 000 sec- -ft. ie 


2 The diver ted - river may be 7 


given, from Jz anuary to J une, 


the: formation of silt bars” in the river and across the inlet of the channel; “ig 


‘fom the river bed, remained until the discharge exceeded. 70.000 see-ft. 
(8) the direction of the flow into the inlet channel, \ which was nearly reversed 


up to the time of the flood, when the making of the dam into a massive rock- 


caused the flow into the inlet to be more direct. 


= The | granite e rock was quarried a at Andrade, Calif, along vertical faces of a 
developed quarry, 50000 to 250 000 cu. yd. of rock being blasted at a time. 
_ The rock was loaded by steam shovel on automatic air- -dump side-tipping rail- 


road” cars of 16 cu. yd. eapacity, which were hauled to the levees and dam. . 

The distance from the quarry to the dam is about 28 miles. 


detailed classification of costs was outlined | the work was started bi 


and Table 5 is t taken from the ‘report of dragline operations. this. report, 
the costs of operation, repairs, and delays, of the dredges" can be compared, 
together with the yardage excavated anc and the unit costs. T prices i include 
the cost of gasoline and it its haulage’ for niles. ~ 000 as al 
much as 1 720 cu 
and 1100 tol 500 cu. ‘yd. per machine p ‘per shift was common. 
An operator’ activity chart was plotted daily the inspeetion of the 
%j dredge crews, and this had much to do with stimulating rivalry for main-_ 
= taining a high yardage output. A imilar chart. was kept daily showing the 
on the trestle. ‘The trestle, cost record given } ine 
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«Fie. 15. —Prscapeno ARROYO IN 1921, BELow LowER END or DIVERSION Cour. 


a 
—View OF Dam FLoop OF 1922. Dv RTED RIVER IN BACKGROUND. 
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Bucyrus No. 
Bucyrus No. 2 431, ‘83 $66. 


Bucyrus No. 3 | 1 747, 


= | Costof | Driving cost 
‘Deseription. i pile-driving.| per pile. of trestle 


built. 


--900-ft. substructure . $9,912 $21 573. 


1 080-ft. superstructure.... 


Tables 7 an npleting the 
"diversion. Table % gives the expenditures to March 15th, 1922, construction 
_ operations having been suspended on March Ist to await the increase in the 


river flow. Table 8 shows the “subsequent expenditures to the end of June, 
In the excavation costs Table 7) $10 110.55 5 included 
$3175.00 for aerial survey ; $34 172.84 for operations, repairs, delays, and fuel | 
ds all dredges; $26 283. 71 for depreciation of dredges; $6570.93 for deprecia- 
_ tio tion of camps" and roads ; $17 100.56 for assembling, moving, and and dismantling 
the dredges, camp construction, road, ‘telephones, eableway, metering, , tools, 
supplies, auto-vehicle o operations, insurance, overhead, and engineering. 
1 In Table’ 8 is included the cost of repairing and lengthening the trestle, 

the : strengthening of the dam, and the rock revetment which | extends the entire 


General mec month 
Chief operators, one for each .. 9.00 per da 
 - ve Operators .. 00 per hour 
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TABLE 7.—C.assiricaTion OF Costs OF Diversion To Marcu 1922. 


Unit cost. | 


“Quantity. 
451 1 637. 8 cu. 
789.6 
88 O91. 


Channel’ Extension, excavation.... 
4 Deepening East Channel, excavation. 

Central Channel. excavation 

West Channel, excavation 


18.50 


(1) Total channel ex 
‘5th, 1922... 


Wa 


657 092.7 cu. 


$97 413. 59 
| : 


20 288.94 
4042.87 


88 bents, 837-ft.. 
superstructure 
51 bents, 1 080-ft. 
superstructure 
19 024 cu. yd., rock 
26 248 cu. yd., silt 


965 610.00 


$2 680. |: 
641.89 
8879.82 


$65 810.00 
14.52 acres 
346.38 cu. yd. 


4 Levee on north bank of river 
Levee west of chanmnels.................. 


$26 701.91 


‘Total for overflow protection to| 
15th, 1922, . 962. 6 cu. yd. 


$96 843.41 

736.66 
$110 580.07 


Railroad, as first laid on ground 
Transferring from ground to levee ; 


25 000 lin. 


3 


$110 580.07 


would 


—@) Preliminary cost to February, 1921. 


an 
$25 180.94 


$325 686.51 


i 


A 
& 
$1 000 
Volea: 
be ad 


Total cost to March 45th, 1922... 


TABLE -ADDITIONAL FROM Marc 15TH To J UNE. 1 


wor 


29, 
Thee 


4 


Quantity. 


id Maintenance 
Purchase of motor-boat 


a owing to break of March 20th,  1922;) 

also pile wing.. 
‘Total for and strengthening 


4204 


29 200 cu. yd. rock. 
38 040 


Levee on North Bank: aE 


Rock levee. . 

Railroad: 

“Transfen ring from growed to levee 
_ from March 15th to June 30th, 1922.. 


Raising 


- Total cost of diversion from March 15th to Jun 


23 157 cu. earth. 


10 500 lin. St 


e 30th, 1922. 


$0.76 


918.90 
4 22 737.80 


LEE 


026.08} 


— 

a 

Dam, built from trestle............. "0.105 | 4 
(2) Total for damming river to Marcl 
$0.16 | $26 701.91 
Comm 
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Pile-driver foreman ai $1.00 per hour sini“ 


fa 
ad 24 Pile-driver men and 
Bridge carpenters 
ite 
Firemen ....... re 


be Laborers .. . 


ail 


Auto- vehicle mechanic . 0.70 per hour 


4 


There was deducted from all ee $1 per day for meals furnished at the 


In studying the. economy of the diversion, the cost of all the work that 


would have been immediately necessary to | the Saiz and the Volcano Take 


Levees, had the diversion not been accomplished, must be considered. _ = 

a A part of this work would have been the construction of a railroad alone 
ee Saiz Levee for revetment purposes, all of which would have cost nearly — 


$1 000 000. Also, it w ould have been necessary” to heighten and revet 
Voleano Lake Levee, and this would have cost $500 000. To these costs must 
be added the expected annual cost of repairing and raising these levees and 


the railroads, for the expected life of the diversion. If the sum of these costs 


is compared with that of the diversion and its expected | maintenance, an idea — 
‘may be gained of the direct value of the the diversion. | _ 


Indivect assets will result, because an: annually increasing flood menace to 


‘the welfare of a a great irrigation project has, been alleviated for a number of — 
‘years, or until permanent relief can be assured by the construction of oo 
Boulder. Canyon Dam. The diversion tends: to promote confidence that 
be beneficial in ‘many ways. a New capital has already been invested, and crops © 
have been insured against floods i in Baja California for the first tiimes{) exoyiie 
en The period that the river can flow into the Pescadero Country before the 2 
flood water again. reaches the heights of 1920-21 against the Voleano Lake 
Teves, can be estimated as follows: The distance along the Bee River channel _ 
from the diversion point to V oleano Lake is about 24 miles and the lake is 
- about 36 ft. below the ground at the inlet of the diversion. At Mile 24-on the 
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profile. (Fig. 3), plot Elevation 40 and draw the grade line to Elevation 76 at untirix 
be inlet, extending: the line toward the Gulf. The ground surface along the tion 2 dh 


4 meanders, of the diverted river must | become elevated to this line before it will 


have the same slope that it has toward Voleano Lake. ahd cies 


= T is | line is 15 to 20 ft. above the ground surface beyond ‘Mile 7 7 and, for 
meandering ¢¢ course ‘that will not | be less than 40 miles Jong, 15 to 20 years 
nilar to that which has been 


building of a “deflecting levee to the south of ‘Lake, a as the 


growing | elevation up’ stream from Mile 24 becomes apparent, depending on 


conservative estimate of the area below Elevation 40 and above Elevation 
20 Pescadero Basin is 130000 acres. it was possible for the river to 
‘alle this area to Elevation 40 (the of Volcano Lake), 1300 2000, 
— aere-ft. of soil would be necessary, and this. would r require a flow equal to that 
: of the last 14 years, based on the silt deposit for the past: decade. It would 
seem, therefore, that the river could be directed into this basin: for at least 


15 years, s, before water to great depth can be stored against the ‘Voleano Lake 


_ Surveys extending down stream along the diverted river, made as soon as 


* the - overflowed country y had become dry again, revealed a most interesting 
_ — for condition as an aftermath of the flood along the diverted x route, 


flowing river has" elevated the contiguous ground from less | than 1 ft. at the 
7 point of diversion, toa gradually increasing height of 13 ft. maximum at 4 
to 5 miles down stream. In other words, the river did not scour a deepened 


channel due to steeper ground ‘slopes than existed on its westerly co course, but 
q built an elevated country approximating the gradients ¢ on the former westerly 
9 course. —_ he new ground surface, elevated by deposition during the ten weeks 


% of the 1922 flood, is shown on Fig. 4; the ‘diagram also shows an intensified | 
- “| slope that now exists between Mile 5 and Mile 10, due to a a difference in 


This newly built. country has a maximum elevation along the banks of the 

_ a diverted river and slopes. to nothing at about 3 000 to 4 000 ft. from the r river 

. - 2 A cross- -section would show an excellent demonstration of a débris- “cone forma- 


tion produced by : a turbid river. 


Tt The Engineering Department of the Imperial Irrigation District, ‘under 
the: direction of F. N. Cronholm, M. An. Soe. C. E., made the studies and 


# 


= 


n extends his appreciation for the opportunities given | to follow the progress of 
= diversion, and to place this description of it on record before the Society. 


Chief Engineer of the Imperial District, to whom 


is to commended for 


» 18 


Higley, Superintendent of Constru 
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"6 at untiring efforts in n maintaining the levees and the dam in an efficient condi- 
1g am tion during the flood. ‘The diversion n might not have been completed duri ing the _ 
it will “first flood, if it had not been for Mr. Higley’ Ss ceaseless vigilance during the 
an -freshets and the 10 weeks’ duration o: of the annual flood. _E. E. Kiefer, Chief 


d, for Cost Accountant, outlined and the « collection and classification of 
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THE OBIE CTIVE IN ENGINEE RING E CATION 


By Macnus Ww. ALEXANDE | Ese. 


NICAL ‘PRESENTED AT THE ANNUAL AL 


The ultimate aim of ition, especially in a demoers acy, be 1 the 


advance t of the moral, intellectual, and physical standard of all the people | 
- for the benefit of all the people. The Greek philosopher, Plato, for mulated the: 
"general concept by stating : “Good education is that which ; gives to the body. 

to the soul all the perfections- of which they are capable. Modern | 


democracy, however, makes even this formulation broader by em emphasizing 


service to society as the basis of Plato’s s conception, a 
eg The objective of engineering education is to provide society w with men iat 
sug had that genera al education so aptly formulated by the Greek philosopher | 
_ in addition, have been trained i ina knowledge. and d understanding of the 
= ‘sciences | through the applications of which they are enabled to ‘promote 
the physical well-being of the community. By their habits of exact thinking - 
and constructive outlook, engineers are particularly a able to serve as leaders oud 
ze and p priv vate affairs, because, ‘guided by truths already | discovered, they 
look forward to find safe and “sound footings for new structures, rather > than 
backward at t the cold stones of precedent. This” pioneer spirit, well” 
grounded and intelligently directed, is the great asset of the engineer. — _ 
ied The pioneer is invariably one who has discovered that his existing circum- 
"stances ¢ or environment do not permit what he considers the full use of his 
selfish motive or or whether, like 
‘Galilee, is nd by a 
thoughts and labors, he finds himself bound barriers which must be 
down. - - Strangely enough, these barriers of tradition and inertia are often most 
strongly supported by those who should be the first to welcome progress. , Con 
: sider the e opposition ar and hostility 1 to those who sought to give steam navigation 
to the world. . We nov now stand amazed and ainsi at the scientists who only a 
century ago tried to prove mathematically the impossibility of a ship cross Z 
a ing — Atlantic by steam power. | Only because men with true engineering: 
ay ced by the results of their - painstaking « experiments, would not be 
from their search for the power which would carry them against 


adverse winds and currents, car an we, to-day, board a palatial steamer with the 
7 


| Director, Industrial Board, New City. 
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we will be carried ‘to our destination, almost regardless of wind | 


or eather, and y will a arrive on schedule time. 


e to 
sustaite the thought that, , in our ¢ efforts to build a better and truer engineering _ 
education, and, for that matter, a truer education of general or “specific char- A 


acter, we must a spirit” of tolerance» under to lessen, even if 


grown more and more com- 


more interdependent, is ‘exact, clear tions of of fact and 
experience. . It is not enough that the groundwork should appear substantial; 

it must ‘extend to the bed- rock of truth. | How often has quicksand | been found 
in the construction of great ‘railroads or in in the erection of lofty buildings? — 


lio) 


j n former years, these sands had been considered an insur- 


“had been taught to search, deeper than the shifting s sands. By the aid of their 


of social progress can also be laid out with a fair degree of certainty, and 


traveled with reasonable safety. The ‘roads to be ‘constructed are many; some 


have been partly built, others are being ‘surveyed, and others must be iene’ 


through what now appear to be To do so 


The world has waited long for the man with intelligent courage, with skill 
and vision, who shall pave the way that leads to peaceful c co-operation among — 
. all men and overcome the discord between nations and the » misunderstandings, 
which, industrially, prevent « employers and employees from merging their 


"forts in the common good. These e are 1 the conditions which have obtained i in 


the body politic, despite the efforts . to overcome them by 1 men nurtured i in older 
lines of thought. Their removal becomes increasingly imperative, 


“Sa We cannot question the real desire for peace by those who are to-day striving ; 
to settle the economic disruptions that arose out ‘of the World 


cannot doubt that many employers and ployees : are earnestly seeking the 
formula under which both can labor in harmony and satisfaction for their own 


justifiable: ends. and the : service of ‘society. They all are > seeking an ‘ 


solution of the problems ns ; ; but, do they follow the exact methods of hewing - 
the line of unprejudiced observation and truth by which the enduring engineer- 


ing structures have been made possible? How fortunate it would be if the 7 


formula ¢ of broad social service, e, instead of the rule of narrow selfishness, * were | — 


used to find the right way out of present bewildering conditions. 


‘The heart of modern societal organization is in its industries founda- 

: ‘tion of our life to-day is essentially economic, and we are recognizing more = | 

and | more that the world is economically interdependent. The recent deci- 
sion, of the British Rubber Growers to lin the rubber ‘Tubber produc- 
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ENGINEERING EDUCATION 


olonies: in Africa, is not a problem of concern merely to 


ss British. ae industry ; ; it may mean a higher price for rubber. in the 
world’s ‘markets, which, in turn, may be reflected in higher production costs 


of f rubber a articles in the United States, and may even lead subsequently to a 


reaction on on the demand for these products. Therefore, the ‘employment of 


~ rubber worker in the United States, and the \ welfare of the storekeepers who 
_ 3 depend on him for his trade, are inevitably tied up with this decision. ae 
~. Similarly, « on the disputes in the pastoral industry in Australia, as as to the 
iving wage that : shall be fixed by the Australian Industrial Court for sheep 
‘ shearers, hinges the price of Australian wool for w vorld export, the quantity of 


wool that not only Ameri ican, but English and other woolen mills, will import, 
“the a of those engaged in the woolen manufacturing r-nghs ond 


cussions in other of away, owing ‘the hichly 


ependent character of economic organization. In all ll actions taken in the 
4 economic field, as in other fields, not only, : anions, broad vision and thought — 

based on intelligent selfishness, but also on the common welfare, is necessary, 4 | 

but such actions must be e grounded on. ascertained facts and ‘their proper under- 


4 standing and evaluation. ‘Facts constitute the solid groundwork on which 


ba The training ¢ of f the engineer | should fit him particularly for leadership in 
= "as well as in public service, because his method of work brings: gs him 
constantly in contact with reality, which implies facts and human —experi- 


ences; and, on the basis of “his | knowledge of these facts and experiences and 
of his scientific method of approach, he should be able to formulate workable — 
and effective rules and plans for the solution | of the problems that arise. | : 2 
as” it is necessary to depend on him who has a correct knowledge | of 


engineering for the erecting of towering buildings and colossal bridges, so — 
the s social and | economic structure in which we live must be designed and 


erected by. the application of ‘those rules which | have their roots in the mathe- f 


matical formulas of exact thinking, with due consideration, however, for human 

variables. Lord Kelvin has so truly pointed out to the engineer, as regards , 
work i in his s professional field: “When you can measure what you are » speaking — : 
about and | express it sie inulin, he you know ‘something about it, but when y you 
cannot measure it, when you cannot express it in numbers, your knowledge i 18 ; 
of meager and, unsatisfactory kind.” rh: The engineer, however, as a leader in 

social progress, must broaden ‘this concept of a ‘mathematical character by 
applying to it due, realization and understanding of the fundamentally emo- 
tional relationships of persons as well as of groups, bearing i in mind that the 


4 psychology « of a group often differs ‘materially from that of the members com- | 


contribution of the engineer to the world’s work lies in the 
fact that his i isa 1 constant spirit of i inguiry, of a pioneering endeavor to bring 
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&§ : _ of the present and to probable exigencies of the future; and in the further fact © | a 
_——m that his is a spirit of open-mindedness born of improvement as inherent in = 


‘ENGINEERING 1 EDUCATION 


work. The enhancement of these qualities ir 
is 


a particular task of the engineering schools ; but they must g go farther than . 
- heretofore i in equipping engineers for their work, if it is to be lifted from that © 
= routine to > that of constructive leadership. _ Although it must be the aim- 
to help each engineering student to make his maximum contribution in the 
common service, the engineering ‘school must cultivate that element in his 
personality through which he will reach the highest level of usefulness. a With- 

out neglecting to teach the necessity for united and correlated ‘action, the - 
instruction must emphasize individuality. It must draw out what is best i in 

one, for means to 


| 


by 


have developed ‘their various “opportunities. “They 


to live and labor, and then to search and together store a 
known _ knowledge and a _ body of earnest men to vitalize and make it pro- 
ductive of immediate g good and further growth. | That they have. done their 
well is shown by their remarkable development. ‘Due to circumstances 
inherent in the necessary steadfastness of educational | ‘institutions, these | 
schools will, from time to time, lag behind in the march of progress, and it is _ 
te that we must take stock to see how they may be brought once more into — 
~ synchronism with their industrial period and with advanced social thought, so 
as to assume their rightful position in the great social, political, and indus- 
trial progression of the nation and the world. 
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ECHNICAL — ‘PRESENTED AT THE Awxvat, Meenixo, 


Thus, , the earlier ‘conception of a park ‘implied restraint—exclusiveness. 
present, particularly in America, it suggests ‘the ‘opposite—the | sense of free- 


Int the history of the development ‘of the park and “the park idea, ea, the 
_ course of freedom can be traced. In. Paris, France, the city of parks and park- % 


ways” (boulevards), the ancient walls around the fortified city were leveled 
4 to the ‘ground i in 1670 and what are now the le principal boulevards | were formed a 
4 on their site. The Bastille was literally torn to pieces in 1789 by the asa = 
and in its stead there is now the Place de la Bastille with its “Column of. 
4 uly” ’ marking the beginning of the French Revolution. So it is throughout | 
Europe, i in all the countries where the development of freedom can be traced, | 
- the evolution of the park from a closed possession of the few to an ok - 

place of recreation for all the people, may be noted. 4 
the United States, where the e rights” of the people : are paramount, the 
greatest development the public park would be expected—and this is the 
case, _ American landscape engineers may go to the older countries for inspira- 


Pag? 


tion, but they go there to learn how should be situated 


— to development and use. Ages custom and the scarceness of park literature have | 
“not es established a definite park 3 nomenclature, other names may be found for 


these divisions. One might s: say Natural Parks and Artificial Parks, but this 7 
would be bad, as all successful parks, even formal public gardens, must follow 
‘the bent and teachings of Nature. Natural = have been called Wild Parks 


2 


make 
| h 
two 
and, iu 
mon 4 


or Ru 
ta 
nature 
| withix 
comm 
wastes 
— be, be 
indust 
ii 
be 
rd later.came to be 
the Monarch’s grant, or by prescription. 
» Ay 
essent 
g 
They 
- what recreationa cilities 
a ‘portation are best planned to the. d respect for law are becau: 
most practical, or how community health, morals, other 
Public parks may naturally and properly be placed i 
‘stone 
histor 


open 
t, the 
the 
spira- 
uated 
ilities 


are 


sions, 
rding 


CITY PLANNING 


or rR ural City Pai also, may be Ketan Parks in the ‘sense that the 


natural conditions ‘and contours may be preserved although the meen is rk is situated 7 


The City Park may be developed and adapted to the highest needs of the 


community from most unpromising beginnings. Barren sand lots, marshy 


wastes, shallow waters of lakes and - rivers, even forbidding city dumps, may 


be, because he seldom e enters. the field the: has to satisfy 


the landscape and the bet: that man can do is to preserve vy a he finds — 


The writer will attempt to classify the more obvi ious divisions of the 
two general divisions of parks, but this classification is by no means ns conclusive 


| and, in fact, probably none can be made conclusive, as there are too ee a. - 


and overlapping characteristics : Baia 


and Inter state Parks; 


Forest Pr reserves and other Rur: “a Parks. 


Publie Squares and “alt phe 


A 


In this list, the first and last items —N ational Parks and Recreation Parks— 


13 


represent two extremes of the development of the park idea, both of which are _ 


_ There are eighteen National Parks, with a total area of 10 739 sq. miles. a 


They extend from Lafayette Park o on Mt. Desert Island, ‘off the « coast of Maine, 


to Hot Springs, Ark, the "great Yellowstone Par k in Northwestern 
Wy oming. . Rather unfortunately, most 0 of the National Parks are in in the West, 


$4) 


because most of the suitable territory in the Eastern States had passed into | 


other uses. The first National Park was established i in 1832 at Hot Springs, _ 


av At Concord Bridge, ‘the ‘beautiful statue of the Minute Man is standing | 


isolated in restricted and insufficient surroundings. ‘The writer ‘remembers _ 
finding along an almost deserted byway in the hills of Massachusetts, witl h 


woods on one side and a briar- -grown fence on the other, a gray ‘moss-grown 


* 


| tome with crude ¢ carving ng commemorating some tragedy of the earlier Indian 
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are -six x N ational Monuments, such as the Petrified Forest of 
and the Muir Woods of California. ' The Battlefield ‘Parks, such onda 

- Gettysburg, Chickamauga, and d Vicksburg, are similar i in certain 1 characteristics give ¢ 


to the National perks, _— are to be distinguished mainly | by di differences i nees in "tes Th 


; a In some respects, the Battlefield Parks resemble the improved city parks i in plan. 


that a large number of monuments and markers are erected and numerous FF = T} 


roads built, but, i in other respects, the original character 7. and contour of the (Nor 


ground i is preserved. Forest Preserves, such as those at Chicago, IIl., and other Besid 
a Rural o or r Wild Parks are of a different character and might be classed as City ‘ei 
- Parks, diheugl situated outside the city limits, except that the general idea | te. 


ig, to preserve natural conditions, which seldom can be done to any great extent the d 


brief description of the Forest Preserve of Cook County, in which the 
City of Chicago i is: situated, should be of interest, as it is one of the largest : and -migh 

most recent enterprises of to be started, although i it is isbyn no means an 
The Forest Preserve District of Cook County was was | organized by of large 
the Illinois Legislature, and was ratified by popular: vote of the County in F 
1914. The Board of County Commissioners administers ‘the aflaixe of th — 
4 4 orest Preserve, and funds are ‘provided by County bond issues. The lands 7 
are acquired by purchase or or - condemnation, the : area ‘now ‘comprising 24 806 ap 

"stretching ‘irregular tracts from the southern to the northern | 


the name would imply, the intention is to take principally. tracts, 
although incidentally | some open ground is acquired. Southwest of the city lie 
the Palos ‘Hills which are an irregular group of hills and ravines glacial 
terminal moraine, well wooded, but not especially good lan land for agriculture. 

_ Here, the largest tract of land, 6 688 acres, has been acquired. Most of the 
other tracts border on streams Des Plaines River, and include 
‘gl numerous places of historical interest associated with the early settlement of the 
¥ _ country, which are being properly marked and preserved. ¥ Other activities of 


* the Forest Preserve are the construction of roads connecting with county high- om 


; 7 _ boundaries of the County, a distance of a little more than 60 miles 


ways, re-establishment of old trails, } preparation of public golf courses, ‘shelters, 
a preservation of springs, establishment of camp grounds, ete. The Board 
4 publishes maps and folders showing motor roads and car lines, reaching differ- 


ent parts of the Preserve, and ¢ offers special opportunities for the ‘establishment 


of summer camps. - Thousands of city dwellers have availed themselves of these 
camping facilities, ‘not only for vacations, but for the entire summer, and the 


Some of the larger projects of the Fc orest District « the establish- 
ment of a great arboretum and a zoological garden which will be one i? the f wna 

ae Riverside, In, about three miles outside the western limits of the City ion 
of Chicago, 800 acres of land have been donated by a public- spirited citizen for : the 
this 1 purpose. The aii Engineer of the Forest Preserve has recently ‘returned orig 
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CITY PLANNING 


from a trip of of inspection of, the Principal Zoological ore of ‘the old world, 


animal as nearly as possible its 


al “si There is is also a Bureau of Parks, Playgrounds, and Bathing Beaches, under 


‘the direct. control of the ‘City Council, which directs. and administers sixty- 


“five small parks, four public natatoriums, and four bathing beaches. — Most of f. 
- the parks under the jurisdiction of this Bureau are small, and many of them 


might be classed as squares, as they differ in size from a few acres to a fraction 


‘The number and ax area of the parks and boulevards controlled by the three 


a workable 


on There 2 are three large park districts i in the city, the South, West, and Lincoln — 
(North), which include about: four- fifths of the incorporated area of the city. 
Besides these districts, there are fourteen small districts, which 


maintain only one or two neighborhood parks or playgrounds. 


large systems are as given in Table 1. | 


yum er, cres. umb er. A cres. um er. 
be A | Num ber. | A b Aer 
“Boulevards. 32.5 miles | 457. miles 92.05. 


All the Park Districts. “exercise 1 their functions under certain of the 
State Legislature, either general or special, and are independent of the Mayor 
and Council. 
a The org organization of the South Park | District. by special Act of the Legis- 


“lature is as follows: Five members of the Board control the affairs of the Dis- 


definite p with a practical certainty of its continued from ‘year 
to year. The jurisdiction of the South Park Commissioners extends over prac: 


oe under the corporate name of the South Park Commissioners. These 
“tly all the corporate territory south of the Chicago River, 92.65 sq. miles, = 
which includes the Loop, or central district, and the south and south- 


Commissioners a1 are appointed by the twenty Circuit Court: J udges of Cook 
County, ox one commissioner being appointed ones year to serve for a term of five 
years, 

west 1 residence and industrial districts, 2 
ins The Recreation Park has had its fullest in the South Park Sys- 
tem of Chicago, in in fact, the Recreation Park of Chicago is often referred to as ., 

_ the model for the w world. The City of Chicago cannot claim the honor of having — 
‘originated the publie emnind or the social center, but it remained for that __ 
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CITY PLANNING | 


city to combine these two ideas with others to form a new and unique munic- 


a 

Playgrounds are often rather barren enclosures with: certains stereoty ped 


play apparatus, perhaps a ‘sand court and , sometimes, a a wading pool. Social | 


centers” generally convey ‘the idea of a somewhat plain, often unattractive 
‘building, administered with the uplift, idea in the foreground. — The Chicago 


2) "Recreation Park i is first of alla ‘small park with trees, Jawns, shrubbery, and 
of the features of the formal park—balustrades, cement y. yases, sunken 


reas, etc. Each park has a substantial building, generally of concrete with: 


a tile nes of rather broad and rambling design, as much unlike a conventional 
schoolhouse or ‘institutional building as possible. Each building contains an 
__ assembly hall, clubrooms, library and reading room, gymnasiums for men and 


with showers, locker rooms, and the usual conveniences of a public 
_ building. =, In some of the larger and more recent | buildings there is a Tounging 


‘room for men, ., and bowling alleys i in the basement} i in fact, the arrangements — 
_ are designed to be as much like aclu | 


The Public Library maintains a branch in most of, the buildings” with 

librarian in charge. Outside the building, but in close 


therewith, is an | open- air swimming pool of concrete which, in the later pools, 
is lined with terra cotta. “There are also outdoor gymnasiums for men and 
women (or boys and g ree’, with. fully equipped playgrounds for children, = 


a 
= * large | a ball field as space will permit. All these features are ‘situated ina 
park setting, often with pools, lagoons, and bridges. 
director is in charge of each building, with athletic directors of 
Sexes in . charge of the social and athletic activities. The buildings are open 
evenings and ‘Sundays. The assembly halls are, by assignment, cused ‘for 


dances, lectures, educational pictures 


~anything except for ‘religious: and 


political discussion, 


4 Regular gymnasium classes are conducted, all clean sports are encouraged | 
and taught, all ‘kinds of contests are arranged, leagues formed, and trophies 


given. Events ‘such as kite tournaments, lantern parades, artificial flower 


program. By a cumulative system of ‘marking in all contested events, the 
crippled boy who can make and fly the most successful kite, , or the little girl 
with a knack of dressing her doll above the mediocre, is taught to feel as much 
pride and | personal -Tesponsibility i in n the standing of the park organization nas 
to win, is always the slogan. There is even more in wise 
tion of the Recreation Park than in skillful d designing. 
ook The South Park ‘System of Chicago may be said to be entering on a a third 
stage of park building. 44 The first stage ‘was the establishment of the original | 

=| 7 system of large parks and connecting boulevards; the second was the construc: 


— tion of recreation parks; - and the third is the reclamation of ‘the Lake F ront 


7 of parks, along this shore line, extending from the mouth of the ( Chicago River 
_ ‘southward to the Indiana State line, a a distance | of nearly 14 miles, from * w which 


_ of the southern half of the city and the building of a great parkway, or chain 
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nunic- 


sty ‘The of this work now under ay ‘is the 7 i-mile stretch from ‘Randolph 


Social 
shore of Jackson Park; 1 mile of front from to 102d Streets, 


y, and ‘The - project has often been alluded to as the “Outer Boulevard” or “Lake © 

cs 7 F ront Drive.” These terms are not correct, as the territory to be reclaimed from 
e with the waters of Lake Michigan is more than 3 000 ft. wide in some places. T here 


will be 1600 acres included i in the pr project between Randolph and 57th Streets, 
ce ~~ ot which 1 200 acres will be land and 400 acres lagoon. Between 95th and 102d _ 
n ai ft Streets, there will be 108 acres of new made land. When these two sections 
public are complete the area of the South Park System will be increased 60 per cent. 
‘a From 57th to 79th Street is a third section of the lake shore, part of which — 
is Ji ackson Park ‘frontage, which i is not included i in the plans for Sed — 
“diate future, but is reserved for later consideration. 
" For many years the tracks of the Tllinois Central Railroad occupied the 


shore from Randolph Street to about 50th Street and, by rea-_ 


tional 


inging 


ed son of the possession of riparian r rights, no other use of the lake shore was 7 
on and In 1895, after a long period of litigation and the limits of 
me and the Railroad Company between Randolph and 12th ‘Streets were 
od atl - fixed by agreement, and the right of the City of Chicago was established to fill” 


—— am area east of the railroad tracks toa harbor line defined by the Secretary wy 
ar. In 1896, the control of this area, then named Grant Park, was vested 
ed for tad Filling progressed for several years partly with city wastes and partly 
1S “and material dredged from. the ‘Chicago River and Harbor. In this manner, 


ina period of about 12 y years, 164 acres of land were made for park purposes, 
araged B filled to elevations 7 to 28 ft. above water I level, where the water was formerly — rae 


flower For various - reasons, like m many other public ‘improvements, the finishing 
eason’ ‘Grant. Park has been delayed through a period of ‘years, although plans 
its, the 

tle girl 

8 much = year to year, for military spectacles, camping ground during the ‘World War, oe 
tion as aviation field, ete. ‘At is now well under way to completion as a somewhat 

e deter- 4 elaborate formal ‘park suitable for a front-door yard of a great city. ¥ hangs Pe - 


inistra’ In 1912, another agreement was made between the South Park 


sioners the Illinois Central Railroad Company, whereby, i in exchange for 


eertain definite increase in width of right of way, the Railroad Company con- 
vey ed to the Park Commissioners all its somewhat intangible riparian rights 
“from 12th Street to. 50th Street. At the same time, the ‘Railroad | 


“desired a 1 permit from the City authorities to erect a new passenger terminal at 


all these matters were closely related, the Park Commissioners were unable to _ 


E 12th Street, and the City authorities desired electrification of the railroad. As 


tealize atonce their plans of building a new shore line to Lake Michigan. 
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CITY PLANNING» | Pe 
- Other negotiations followed, political et strings: had to be pulled, and th the whole 


matter was delayed, 


be ‘Finally, in 1919, all parties reached an agreement, and an ordinance was 
passed i in the Council, accepted by the South Park Commissioners 
the Ilinois Cen 


certain time, confirming the between the Railroad Company 
and Park Commissioners. The assent of the Federal Government. was given 


to the combined project by a permit issued to the South Park Commissioners 

to fill in the shallow waters of Lake Michigan along the shore from 12th Street 

to 57th Street, a a distance of 6 miles, and toa width of from | 1500 to 3 000 ft. 

| Sian the people of the south half of Chicago came ‘again into possession of 
a - their: lake bey which had been given away 75 years earlier to secure the entry 


of a railroad: | ‘The railroad would probably have entered i in any case, and the 


City: Council ‘eeiailihenell it was driving a sharp bargain to allow the new rail- 
road to build along the shifting line of the lake shore to serve as a ay of 


Tbs will cost $50 000 000 or $60 000 000 to rebuild the shore line as planned, 

ie _ only $50 apiece f for every present inhabitant of the South Side, and the Thlinois 
Central Railroad Company will spend another $50 000 000 or $60 000 000 to 

4 complete their part of the closely related improvements. s. The . general plan of 

- the South Shore Park improvement is to extend the present shore line 400 to 


600: ft. in width, and leave there a water r way, 400 to 600 ft. i in width, the entire 


length of the ‘Neitleetibiiiin:: and build another strip. of land on the outer side. 


retain the fill. As far as planned and constructed to. piven the bulkheads are 
p of the so-called “ile pier” type, consisting of two rows of closely driven piling 
with wales and tie-rods, varied i in detail according to conditions, filled between 
with stone. ~ Details differ’ in various parts of the work | as the finish of the 
shore line varies. _ At some places retaining walls will be built on the bulk- 
heads, whereas at others, low concrete docks will be built for boat landings, or 
beaches will be paved to the water line, « or the banks : rip- -rapped, stony prom- 
ontories, ete. Where walls, concrete docks, or pavements are supported on 
the bulkheads, a line of ‘Wakefield sheeting i is incorporated i in the structure to | 


"prevent leakage of the earth or sand nd filling through the bulkhead. 
_ Untreated piles and timber are used, as the plans require the cutting of all 
_ woodwork to the water level, when finished. To retain the fill temporarily, 


‘the piling and stone ‘fill are e left at an elevation 5 ‘ft. above low water. % Large 


‘stone fil the ‘This stone will be and to 


the final grade o or used elsewhere as the shore line receives its f final finish. The ) 
water along the line of the outer bulkhead, permanently exposed to the lake, is 
16 to 20 ft. deep. At exposed points and where the bottom of the lake is soft, 

banks of heavy rip- rap stone are used to reinforce the piling. 

a The piles used are from 35 to 50 ft. in length, according to the depth of if the « 


water and other conditions. Where hnaicieeae of water is 16 ft. or ‘more, the 
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bed of the lake is generally clay which becomes gradually stiffer end 
with depth until hardpan or boulders. are e found overlying solid rock ata depth — 
a from 70 to 90 ;. 3 Sand lies along 1 ‘the undisturbed shore lines above a 16- -ft. 


depth of water. The conditions differ according to location, some very soft 
clay streaks being found in places, whereas, in others, particularly between 39th 


and 50th Streets, reefs of rock extend to near ‘the bed of the lake. It may be 
"necessary to change the type of bulkhead at such places, possibly to cribs or | 
stone mounds. As no construction h: has been undertaken where » rock lies at su such : 


"shallow depths, and as the investigation of the lake bottom is not complete, 1 no 


other design of bulkhead yet been adopted. Many suggested designs for 
’ — involving the use of concrete piles, steel sheeting, concrete caissons, — 
» have been but as no plan | been developed which can 


design the purpose. water: will the action of the 
elements indefinitely, and there are no organisms in the waters of the Great 
Lakes that will attack wood, 


ut 20000 lin. ft. of bulkhead has been constructed in arated 
sections, the plans being to conduct the work from as many different points. 


During 1922, 1 500 000 cu. yd. of filling were deposited by contract, and each 
year, at the present rate, about 1.000 000 cu. yd. are received from city wastes, le 


miscellaneous excavations, ete. Filling from the 1: latter r sources is obtained at 

no cost to the Park Commissioners, except that of maintaining dumps: and 
dressing to grade. Most of the filling required, however, will be obtained by 

dredging operations from the bed of the lake. After the filling has been com- 


_ pleted, many details remain to be done » to produce a finished park territory. r% 


number of will be of top soil to the Jand to 


wills serve the ii in many The 

ow waterway is 6 miles long from Jackson to ( Grant Parks, 400 - ft. wide at the 
narrowest places, spanned by numerous br idges, and will afford as 

opportunities for boating, canoeing g, and | other aquatic ‘sports; sites will be 


2 provided for t boat. clubs and public boat- houses will be erected. — The carrying of - 


passengers to and from the city by barges will be encouraged. hat can 
be more invigorating than | to travel to and from business and shopping by such © } 
_ means of transportation, unless it is by motor along one of the two main drive- - 
w vays bordering the open: lake y where there are no crossings or business traffic? 2 
The he time by motor car from the Hyde Park residential district to the leniiae ~ : 
center will be cut almost in half when these drives arecompleted. = 
There will be at least four large bathing beaches established along this 
- stretch of new lake shore, the first of which, at the southern end in J ackson 4 
‘Pak on containing in the beach house 6 000 lockers, is already in use. To insure a 
purity of water, ‘it was determined that all bathing beaches must be entirely 
open to the lake, without any y obstructions or barriers whatever in front. i ee 
To build a beach to meet these conditions in 20 ft. of water. was anew 
problem i in engineering ; in fact, bathing beaches are generally not built. ‘The : 
plan adopted, after much study of natural and accidental conditions | along the 


a lake : shore, is to construct the main bulkhead along the outer shore line so that, _ 


| — 
| 
| 
= 
= 
aa 
= 
| 
| 
| 
q 
> 


PLANNING 


aft after xr the general fill is 2, be cut to 2 or or ft. 
for a length of 1000 or 1200 ft. to serve as a submerged reef and barrier to 
retain the si sand slope of the artificial beach. 
waves will trip over the submerged barrier, perhaps dig to a depth of 5 
x 6 ft. behind it, and expend their remaining energy as on all natural beach — 

4 slopes. 7 Below water level, the average slope of the sand on Lake e Michigan © 
is about 1 on 40. On this basis, the water- ‘line at the ‘proposed beaches 

should be from 200 to 250 ft. back of the bulkhead line. 
saat None of the proposed beaches has been built according to this plan, but a — 


5 “contract including the first one will be awarded early i in 1923, ‘Although there. 


“may be unexpected results, careful studies have been ‘made, and it is believed 
the plan i is sufficiently flexible to meet all contingencies. 
_ The time required to 0 complete the entire project ai as deser ibed can scarcely be 
as SO much depends « on | the financial arrangements, author- 
7 ity h 
“cost, but they will time. to ‘time, according t to the needs o of the 
w work, each issue bein ing - submitted to a vote of the Park District. ‘The first he 
was for $8 000 000, which will be nearly. expended by the end of | 1923. 
. estimate of the time required to complete ‘the project has been made less than 
fifteen years. Two years have already been actively ‘spent. 
The first ohieative to be attained is to provide a new route from the central 
south side to the down-town district | by a new drive on the new-made land 
from 23d Street to Grant Park. - This involves the construction of a viaduct 
634, ft. long between abutments (about 1 600 &.. long, including approaches) 
4 and 1 20. ft wide, across s the tr tracks of the Illinois Central Railroad at 23d Street; ; 
also the widening of South Park “Avenue, to 198 ft. from 23d Street to a 
a junction with G Gr and Boulevard at 35th Street. _ The cost of the viaduct and 7 
* approaches i is estimated roughly at $1 250 000 and that of widening South P Park — 
Avenue, $1 000 000, exclusive of the cost of property to be acquired. | citeret'- 
ils It is expected that the viaduct and widened South Park will be ready for 
use in the latter part of | 1924. By that time the filling and driv reway on the new 
fill will be complete from 23d Street to Grant Park. "ta 
) Other prominent features connected with the Lake Shore project are the 
FF eld Museum at 12th Street, built with funds provided by the will of the late | 
‘Marshall Field, and the Chicago Stadium now being erected by the South Park — 


Seen just south of the Field Museum. . Both these structures are on 


An interesting feature of the Lake Front ‘project is. that this is the first 
time in the history of park building that plans are - especially made for. entry 

._ of street-car lines into » the park. Provision i is made to carry y all cross-town lines 

4 over the Illinois s Central Railroad and the lagoon on viaducts. ati ugh 
7 — Cari lines have been carried into or through other parks by force o of circum-— 

stances, but not as a part of deliberately od at ol 


Its arena is 1000 ft. Tong and 300 ft. the seating capacity 
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ZONING—ITS F PROGRE ESS AND APPLICATION 


ig 
JOWLES,* Amu. S 


_ The object of this paper is to show the enginee r the scope and effect of ~ 
q - relatively 1 new method of control ¢ of the development of private property. Zoning 


really - an important part of city planning. Just as city planning is not a. 
single profession, neither is zoning, but rather the result, where best worked 
i out, of the co-operative effort of a number of professions 1 under wise leadership. 
_ Like city planning, however, it is of the greatest importance and interest, a 
e particularly to the muncipal engineer. He is concerned » with the b backbone of 
city planning, that is, the street layout, thoroughfares, block arrangements, 
— utilities of all kinds, and ‘planning of houses, stores, and factories. Thus he i is 
especially to be active when it is planned to control, regulate, and even even en fix some _ 
_ This paper outlines the rapid growth of zoning, since its introduction in 
’ New York City i in 1916. Next, the dangers that may result from its ts evident 
popularity are ‘mentioned. definition of | zoning and statements of what 
~ and can not be accomplished by it are next presented. , The need of the trained fl 
F legal mind i is apparent throughout all all steps, both in the preliminary legisla- 
tion ‘and in the enactment and enforcement of the ordinances. 
7 ‘The work of the Hoover Zoning Committee, in collating present legisla- 
a tion, is stated briefly, together with the outline of the Standard Enabling g Act, — 
recommended for the consideration of all Legislatures ‘when contemplating 
laws. The need of ‘information on present conditions, in the attempt 
plan wisely for the future development « of the municipality, leads to a realiza- 
; tion that city planning is the main purpose, of which zoning is only | a part; 


is the attempt to render the whole a stable creation 


The types of regulations and subjects « covered, although of v varying detail, - 
ean be classified generally under three main headings: ‘Use of property and 
 aeuisaliiain heights to which buildings may be built; and areas of lots which © 
may be occupied. kinds of drastic Iepiclation need safety valves. One is 


by a Board of Adj. 


first sno 


Zoning is usefulness, and that and are needed, in order 

; the demand may be general | and result from popular appeal. *F inally, the real 


is the approval of all the people it is worth while. ae 
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CITY PLANNING 

PROGRESS 
New York Cit ty Eeample— 


“zoning plan j in 1 the United eae oral all ‘Me general features ¢ as as they 
“are x now understood—was adopted in New York City in 1916. This was made 
possible by legislative amendment of the New ‘York Charter in 1914. . Addi- 
~~ tional a1 amendments were made i in 1916 and 1917, and zoning was made of gen- . 
ibe application in 1 the State by later Acts. . Prior to this time, ‘under the Acts — 
of various States, only the less complete kinds of zoning were possible, a 


‘The New Y: ork story, of how zoning has developed and how the interest has" 


sts ur is perhaps : a ‘most striking example of the influence of the popular will, 
urgently and effectively presented. Before the p passing of the zoning law, there 
"was great agi itation because of lack of regulation of congestion, and the 


encroachment of industry in neighborhoods thought to be desirable for other . 


uses. . There was a realization that something must be done. Such interest. 
a4 centered around Fifth Avenue—the brightest business street in New York 
City—as § it was on the way to ruin because of the i invasion of work shops for 

garment and millinery workers, 3, and similar industries. Many such establish- 
: — were drawn to this avenue because of the attractiveness of its buildings, ; 
nearness to the department : stores, for which the goods were | being made, and the 
advantage of a Fifth Avenue address. The result 1 was that crowds of garment 


workers thronged the Avenue, n morning, noon, ever evening, out the 


_ This resulted in the formation of a a protective ai association, Beat of the 


owners of the leading « department. stores, businesses, and hotels. Long before 
there wa was a zoning ordinance in New York, there was an edict from the Execu- | 
_ tive Group | of this Association, to 1 the effect that preference i in purchases would 
made, by. the e department stores and members of the organization, of goods" 


manufactured outside a given area or zone. — This zone extended from Third 
Seventh Avenues, ‘and from 83d to 59th ‘Streets. Manufacturers who 
aa this zone were given eleven months to withdraw, and at the 


end of that ti time it was evident ‘that business would not flow to those who 
full- “age | notices appeared in the New York: daily papers in 
ns ‘and April, 1916. The first was the edict, ,asfollows: 


The ‘Evening Post, New York, March 6, 1916. 
by “SHALL = SAVE ‘NEW YORK? : 


Nay Vital Question to Every 0 One Who Has Pride In This Great City 
“Shall we save New York from what? Shall we save it tends unnatural © 
and u unnecessary crowding, from depopulated sections, from being a city 7 


g = ‘unbeautiful, from high rents, from excessive and illy distributed taxation? 
We « can save it all of these, sO tar at as they are caused by. one 
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The seco second, showing as significantly willing compliance therewith, was as 


ti @ rom nn The Ne ew York Times, siti April 2, 1916.) 


“SHALL WE SAVE NEW YORK? 


“The co-operative movement to preserve: the heart of the City, 


from 33rd to 59th Streets and from Third to Seventh Avenues, from d 


struction by factories and to rehabilitate the lower and deserted part of 


New York City, has met with an “unprecedented response 
business firms and other organizations, ‘not: only from every part of this 
city but from all over the United States: ‘The public has ‘put itself” 


| behind ‘this, great civic ‘movement. One of the most significant 
by the unsel- 


(Then followed a petition by the ( Cloak, Suit ‘and SI Skirt Manufacturers 
Association, signed by the leading firms of the city, endorsing the movement, 


and requesting all citizens to support it.) 


is The effect was even as marked as the result of formal legislation, ‘abil a 
prohibition thus started was soon ‘made effective i in ordinance form, pen the 
report of the New Yor “Heights of Buildings Commissions” and indi iis 
on the “Congestion of Population”. There is now a new center of clothing and 
similar industries on the West Side, in convenient, commodious | buildings, 
suitably - planned ¢ and adapted for these purposes and without detriment to other 
city facilities. This is a wonderful example’ of bringing about, by pu ublic. 


sentiment first, and later by the ; same principles being enacted into |i law, the | 


regulation and control of ‘the u use and development o of property in the g greatest 
metropolis of the world, 


tw Gr owth — —Since the ‘enactment of the New York law, zoning legislation has 


been passed i in ‘twenty- seven States and the District of Columbia. In twelve 


of these States the ‘Enabling Act is comprehensive, and pe mits zoning of all 
forms in ¢ all municipalities. One hundred a and fourteen cities, r 

population from nearly 6 000 000 to a few thousands, have, toa greater 01 or less 
extent, established zoning plans. Eighty-or -one cities | have comprehensive ordi-— 7 
nances, of which thirty-one relate to use and two to height. In the States * 


where zoning is possible, many more cities are preparing to take advantage of 
the | opportunity thus offered; and in the States where : zoning is not oi; 
preparations are being made for the introduction of the necessary legislation = 
It would seem, therefore, that experience thus far is demonstrating the value © 
of. zoning; that the idea is steadily growing in popularity ; is more or less 
general country; and indications are that will become 
o Me A nt: of caution, howe ever, r, may be be advisable lest its popularity be the 
“Means of obstructing its true. progress, through: well-n -meaning but hasty 


action. Zoning of real value. cannot be done hastily and without adequate 


study and investigation ; consideration must be local physical 
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ditions, opinions, and usage, age, and 1 to all the surrounding circumstances. These D 
important in determining what will be useful—what kind and degree of 
a ow protection is needed and how it shall be applied. V What i is good for one city = 
: may not be suitable for another, even if the general principles of : of zoning are the 7 sm 
game. Advantage, of course, should be taken of the experience of other cities q 
bes opportunity t to review ordinances, but such study Tmust recognize the I 


sf 5 
reasons that have prompted the different methods i in different places. A plan a 


gas 


- for one city cannot be adopted intact for another, a and ¢ any attempt to do so may Pe : ( 


disastrous and a serious § set- back to true progress. ale. 
Definition —Technically, zoning “The creation by law of districts in 
a which regulations, differing i in different ‘districts, prohibit injurious or u- 
suitable structures and uses of structuresand land” 
5 Practical Purpose. —Practically, the aim of a zoning plan i is to establish a a 
10 
basis for constructive ‘city growth. All cities have the same general features, Mar 
- a They are made up of streets, parks, and other public places, and of land devoted politici 
: to houses, stores, factories, and similar ‘private uses. ‘Unity in construction, | the bus 
however, is not possible unless there i is some measure of control over all land, B studen 
whether publicly « or pr rivately ‘owned; and the only practical ‘method of acquir- the bat 
ing such control is is through a a zoning law. tioular 
; oils a, Such control will promote greater economy, convenience, safety, health, and ae 
comfort in industrial, business, and housing conditions. It will guarantee a dev 
definite and safe place for industrial investment, will protect home neighbor- ities, 1 
hoods, stimulate home ownership, and assure more contented labor conditions. BD ness f 
will stabilize property values, afford greater ‘security| ‘for ‘mortgage loans, there 
q 
Zoning does not endanger or retard the progress and general ble 
development o of a any community, large or small, 
B- —It does not discontinue or annul private restrictions and. 
4 
C. is not discriminatory, and does not infringe on constitutional 
—It does not change existing ‘conditions. It is not -retro- active and 
does not prevent the continuance, under present conditions, of 
existing n non- -conforming uses or structures. 
to cay ha all bi 
be changed later if necessitated by normal development and Th 
B.—It makes possible a practical program for future street development 
alt li ilitie future 
“ eon nd for all public utilities, by determining in advance the = 


if. 


we 


O—Tt prevents ‘too sudden changes or conversions in the character of 
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stabilizes and and investments, by determining 


oh advance thet uses to which property may be put. 
simplifies the problem of trafiic, by regulating ‘the height and 


bulk of buildings, and the consequent street congestion. 


and minimum requirements for Tight and air. ir, 


rere: 


| 


_ _— interests are ¢ concerned i in the development of a modern ¢ city—the a 


politician, the lawyer, the | engineer, the architect, the landscape designer, 


the business man, the representative of industry and labor, the economist, the 


student of social problems, the builder, the real estate broker and 


‘the banker, the insurance man, others. | Each has his place and his par- 


Ng It is the function of the engineer, however, t to plan the physical features a 
of development: ‘The transit lines, the transportation facilities, the | public util- 


ites, the housing and sanitary features. He plans” the industrial and busi- 


these must be available a predetermined general | scheme or arrangement—one | 
- that will remain r reasonably permanent. The importance of this is self-evident. 
A zoning plan, then, is the basis on which all other plans should be air, 
ceived ; and it may be said that the zoning plan is primarily an engineering 
problem. No ‘wonder, ‘then, that the engineer ‘is interested. re ‘This is true, 
_ however, only in so far as its essential features are concerned; the plan will a 
_ of no avail unless established on a firm legal basis; it will be acceptable only if 
‘the point of view v of all other public — private interests has nisin considered _ 
_ Assurance that the plan will stand the test of Court review can be had only 
“through co-operation with attorneys capable | of interpreting t the meaning of 

_ provisions and legal decisions made thereon. _ Fine distinctions, that escape 
all but those specially adapted to perceive ‘such refinements, are often made. 
These distinctions are influenced many times by special circumstances" sur- 
rounding particular case, and may a different. interpretation under 


The zoning can be conceived with sufficient breadth of view only 
through counsel with and co- operation from all interests affected. ini 
Pa is possible under the exercise of the “Police Power” of the State. Be: 
Ina broad ‘sense, the police power of the sovereign authority embraces what- -_ 
ever may be best for the general public welfare of the commonwealth, ae = 


other name—an easily understood equivalent—is “Community Power”, iw 


- features as well as the physical future of the town. To do 1 this efficiently — 
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ntage 1 may vary sn cor rding to location, local, ‘customs and 


of ‘the various Court decisions will ‘show this to be: true, also that the 


police p power has been extended so as to sanction its application beyond former 
limits. In the case of the Noble State Bank v. Haskell, 219 U. S., 104 (1911), | 
the following statement Ww the epiagtt Court of the United | States is “made: 


: great public needs. “7 may be put forth in aid of what is sanctioned by u usage, 
S held by the prevailing morality or strong and preponderant opinion to be 
greatly and immediately necessary to the ‘public welfare. _ 


Again, in the case of | Eubank v. Richmond, 110 Va. 749 (1910), 2 26 6 U.S, 


2 “That power [the police power] we have defined, as far as it is capable of 
7 eing defined, by general words, a number of times. It is not susceptible of 
-cireumstantial precision. It extends, | we have said, not only to regulations 
which promote the public health, morals and —" but to those which promote 

the public convenience or the general, prosperity.” “gal 


the application of zoning regulations, ‘restrictive measures i in 


single- family residence districts: | than i in n general ‘residence districts (containing 
; apartment houses and similar structures) may not be solely. justified o on the 
grounds that. the former are more certain to insure public health, safety, 
welfare, etc., than the latter. It is evident that the measures designed and 


"suitable for the single-family residence districts, if applied to the general 
residence districts, ‘would interfere seriously with existing development, and 
; would set up such a discrimination, between ‘property already improved and 
= i to be improved, that their wisdom or expediency » would be doubtful. On 
the other hand, ‘more lax regulations, si suitable for the general residence dis- 
tricts, if applied to the single- family ‘residence. district would be useless, and 


would permit great depreciation of property, values, is, 
1on 0 2 


of 


The ay application of restrictions, to be ‘must be 
districts of each type or character, as determined by their development, are 
treated” according to their particular needs. In more general terms, regula- 
‘tions, to be equitable and to be a acceptable or to come within the : scope of the ec 
‘police power, 1 must affect all similar properties or similar Gistriets throughout 
Enabling Act. —As a general rule, cities are not establish zoning 
7 regulations — without some special grant of the police power from the State. 
Such acts 1 usually prescribe the character and extent of the regulations which 
_ may be imposed by the municipality, the limitations of power, the imposition | 
of penalities, and provisions for appeal and ; amendment. 
= oat Some cities have what is called a “Home Rule Charter”; this is particularly 
_ in some of the Western States. Such charters sometimes give the city the 
to zone, virtue of the grant of ‘powers, and 


"es 
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legislation may not needed for this purpose. . However, er, in 1 such 
circumstances, it is wise to make sure that the city possesses the police ‘power 


to regulate the height, bulk, area, and use of buildings and property, and the 
right — to impose « different regulations in different districts of a different 
at the The Standard Enabling Act, as recommended by. the Hoover Committee : 


ormer of the United States. of ‘Commerce, provides a a ‘complete. example 
1911), of ‘the legislation, necessary to delegate police power to the municipality, in — 


made: order t to regulate the uses and development of property and provide all the 

sage, ‘Section 1 recites the grant of power, ‘with definite limitations and expres- 


sion of purpose. Section 2 permits the division of the municipality into 
tricts, providing that regulations throughout each district shall be uniform, 


but the regulations in one district may differ from those in others. | Section — 
3 expresses the general pt purpose of such legislation, ar and makes clear the estab- _ 
lishment of the “atmosphere” under which zoning is to be done. e.. vil ia 
_ Section 4 ‘provides for the manner of the creation of the districts and, 


— 


together with ‘Section 5, the method of making changes and amendments, a and 
the provision that certain percentages of interested persons may necessitate a 


vote of three- “quarters of the municipal legislative body in order to amend. | 
Section 6 provides: for the creation of a special body, tob be known : as a Zoning 


4 Commission (or its equivalent), working as a a City Planning Commission, for 


the purpose of making the original study, holding hearings, and presenting a 
report to ‘the municipal legislative body on the subject « of a zoning ordinance. 


| Section 7 ‘provides for a Board of Adjustment or Appeal, its member- 
neral & ship, rules of procedure, machinery of appeal, and further appeal to the Oberte. 
, and It i is provided + that the Board of Appeals shall review any act of the adminis- 


land trative officer on alleged error. There are also certain ‘listed from 


the terms of the ordinance which such board may permit. 


» dis- 

,and § ow ing to o special cmnbitionn, the literal enforcement will result i in n unnecessary 

neral hardship, but, at time, the spirit of the ordinance shall be observed 

Section 8 provides the remedies and penalties for. violation of the ordinance. q 


Section § 9 states that, where there is conflict: with other laws, the higher’ stand- | 


Ordinance. —The ‘Tegulations of a city are € established and applied 


the: usual ordinanee or legislative machinery, drawn in accordance with the . 
provisions of the State ‘Enabling Act. Such an ordinance usually consists of - 


one or more maps, ¢ dividing the city into different kinds: of districts, — 


statements of the regulations. ‘to be applied in each district, ‘regarding use, 
Legal Advice N eeded. —The success of a zoning plan depends on the ade-— 


aa quacy 0 of the Enabling Act, and the provisions: of the ordinance must be ‘such i 


as to come within the limits of the Act and within the scope of the police. 
“Power. ‘There i is need, therefore, of the lawyer, who is with and 
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PLANNING 


4 specific instances. Some features of zoning are e not yet ——" by the —— 


widely as to” be generally recognized as coming within the scope of the 
police p power. . The greatest stress, ‘therefore, should be laid on n the importance 


ere sound, experienced legal advice in the drafting of the or ordinance. fue 


tEP TIN LA 
Planning Commission —There should be commission to prepare the 
soning plan pasty ordinance for recommendation to the City Council. _ ‘This m: may 
bes the City Planning Commission, if there is one, or a special Zoning Com- 
sion appointed for this purpose. The majority of the members of such | a com- 
mission should be, in most cases, citizens serving without pay. ‘They should 
not be hampered by political considerations. The city administration, how- | 
ever, should be represented, and this is by certain of the 
Me officials : acting in an ex officio capacity. Actions of immediate ex 7 
= thus to be given due consideration, as ye as the effect on the far- reaching 2 
The creation of such commission, , the membership, , method of 
‘and p powers a are ‘usually provided through the statute or charter provision. f The ; 
commission should have more than advisory ‘powers; usually, it is provided 


that, before any other city ‘authority acts finally on an amendment to any 
= of the | zoning ordinance, it must be referred ek the commission for 


consideration, and a certain time allowed for a areport. 


a Working Staff —As the members of such a commission cannot attend per- 


_sonallly to. the collection of data, the preparation of m maps, and the’ working out 


_ of details in the development of the zoning plans, they should be provided with 7 
an adequate staff of trained men under the direction of a competent executive. — ‘ 
i In addition, they should have | the benefit. of expert experienced advice. 


a Zoning 1 requires the services of more than a single profession. Tt requires — 


j knowledge of all those things which go to make up municipal development— 
the proper planning of streets, transportation facilities, public utilities, | hous- 


ing, ete. The services of the all-around civist are e needed but here a word of 


3 caution may not be amiss, _ especially if the commission or staff is inclined to 
be lazy or lacks diligence. There is is real danger, if the expert, however well | 7 
informed, attempts to foist on | a community, without the detailed study mel 


local needs" of principles derived a plan that has 


— 


pers it cannot do: ‘80 s0 without being « a result of local education and development. 


Reliable Data Required. —Complete and accurate data are needed, and an 
intensive study of local conditions and problems is required. Such data — will 
to the use and of buildings, vacant Spaces about them, 


thereof, the values of lend, the location of enterprises, the 

of development, ete. The data should | be presented, preferably, in graphical 

_ form or on maps, so that they may be comprehended and analyzed readily. > 
General Procedure—The cc commission, after completing the preliminary 

plans and tentative e form of the zoning ordinance, should hold meetings and > 
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ft is: not possible to emphasize unduly | the need of a thorough publi 
cussion of the zoning plan. Bo be acceptable, the ordinance must meet the 
approval of substantially entire community, and must demonstrate its 
reasonableness to property owners. rs If the general public is to be able to under- 


stand and consider the merits of the plan seriously, it must know why « certain : 


things have done and reasons for certain regulations. This. can be 


before small groups where local problems may be. and 

‘protection o offered to residence property may be explained. Similar meet- 
ings should be held for discussion with the owners of business property, with 
manufacturing interests, real estate associations, and the various civic bodies” 

of the community. The influence of the press 1 will be of great as assistance, and 


frequent articles should the purpose and the effect of 
wit 


hal General —A complete zoning plan utilizes three general methods of regula- 


T he use of property and structures ; the height to may 
be built; and the areas that must be left" vacant. 


rr 


«Use Regulations. —The purpose of the regulations of the first class is to 


F “segregate the various uses of public and private property and restrict such uses ; 
’ to suitable locations. - Some land will be found to be especially fitted for certain: 


purposes, , industries will naturally be placed near railroads, or near the water- 

= | 7 front, residence districts of the better class will develop remote from industry, © 

res 


and not too near the business section, workingmen’s 8 , houses will be built, near 
- their: work, or near adequate transit lines. The types of districts i in a city are 
usually well-¢ -defined, and are more less fixed by existing” development, 


Zoning should anticipate the continuance of established uses of property, 


- pa these are not in conflict with wise developmen t, even if the ideal arrange- 7 


tient might possibly be better. _ The city cannot be rebuilt overnight, and it is 
possible only to approach the ideal. Advantage must be taken of the 


= the past, but the harm that may already have been done by indiscriminate _ 
- building i is of small account if the future of the city can be protected. 


- Restrictions as to use are the most important provisions of the ordinance ~ 
fe and those most readily understood. In general, there should be regulations for 
heavy industry, light industry, business or commercial districts, and residential — 


‘Purposes. aa _ Some communities will deem it necessary to divide industry into b 
£ three groups, or to have a secondary commercial | district for Tight manufactur- 


workings of the provisions of the have 
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CITY PLANNING 
av 
= ge In some cities, there are no limitations on the use of structures or prop: 


erty in the heavy industrial districts, but vusually, certain manufacturing 

processes, which “create nuisance or which are dangerous, are prohibited. 
Dwellings such ‘districts should ‘not be permitted, except under definite 
limitations, such as provisions for | the use, of watchmen and their families, 
employ ed on: the premises of an industrial establishment. 
‘The light industrial districts are intended for factories which | are not ¢ objec- 


_tionable because of dust, gas, vibration, or noise. addition, 


| 


‘The or commercial districts are re intended for warehouses, » Whi hole-. 


sale and retail stores, office buildings, ‘hotels, and ‘similar structures. No 
manufacturing is ; permitted, other than that required for products to be sold 
on the premises to the consumer. | Other establishments, which would be objec- 
-tionable, ‘such as blacksmith shops, carpet cleaning works, contractors’ plants, 


re public ; gar ages ‘(except with special permits), etc., may also be prohibited. a -s 
Residence districts should allow single- ‘and ‘multiple- family dwellings, 


churches, educational and | charitable institutions, greenhouses, gardens, and 
the like, including their usual accessories. Public utilities, by special permit, 


when found to be necessary (such as telephone central exchange buildings, 
electric sub- stations without rotating machinery, and gas- -regulating stations) 


may be ‘permitted i in the least restricted. districts and in some cases excluded. 


‘The accessory uses are so varied and so numerous that it is difficult to recount 
them. It is ‘safer to refer to the classification as “those accessory which 


customarily incident to the uses permitted i in ‘the district, and not involy- 

oe ~The conditions under which small garages and stables and community 

"garages are to be permitted should be specified carefully. - It is ‘possible, also, 

to curtail the erection of bill boards, signs, and spite fences by. zoning regula- 


Although bill boards be in certain places, the Courts have 


purpose is for ‘single- family residence districts. This may be 


requested by large numbers of ‘people, and may be desirable, but, legally, it 


may be hazardous unless the power is expressly stated i in the enabling act. h 
"may be difficult, in many cases, to justify such procedure on the basis of health 


and safety. However, the definite limitations of certain districts to the single- 


family house is becoming more common in zoning ordinances, and the gen- : 


erally favorable a 

_ ‘It has been decided that the police power can be sae for the purpose of fail 


lishing private residence districts, and it is only step to the 
in ¢ iit 


Exceptions | to the regulations pertaining to use, in district classifications, 


i 


residence ¢ districts, ulations. ’ 
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stance, are sometimes er in residence districts, and can be situated so 
they will not be ‘detrimental: to adjoining ‘property. Exceptions of this 
kind are ‘usually, made contingent | on the desires of the majority of the “a 
of property in the immediate vicinity. — Provisions may be made. also a 
ing uses which do not t conform to the standards of t the d districts i in 1 which. -_— 
may continue ‘until they are discontinued 
‘tarily, | or by fire or other destruction, or are altered structurally, or to a ‘cor 

Height Classifications. Regulations of the height of buildings, 


‘we in the business sections of a city, are likely to meet with the most active Z 


opposition. There is reason for this opposition, and careful consideration 


and study are required if an “equitable balance is to be established between 
what is theoretically desirable what i is practicable: accomplishment. 
_ Office buildings, hotels, and similar structures must be | built to a certain 


bit 


height if they are to “pay y adequate returns on investment. build- 
ings, however, ma may readily be built too high for economy. 


ee: It is well known that many of the lower stories of the high buildings in 
the: streets of New York are useless for practically all purposes 


except storage. areas w where high buildings | are crowded together, ‘most of 
- the rooms on the lower floors are inadequately lighted and insufficiently venti-. 
lated, traffic congestion is. inevitable, public utilities are periodically over 

taxed, and both private and publie financial loss is the: result. ‘There is a 
. definite and real need, which the engineer is qualified to fulfill, to obtain and 7 


present carefully digested facts on existing: conditions | “of high 


; moderately high buildings; as to light, air, comfort, waste, elevator and corri- 


dor space, street congestion, burden on public utility facilities, etc. 


‘The > report of the “Height of Buildings Commission”,® discloses een 

facts regarding the average height of buildings in lower New York City: pot 

higii building is present confined chiefly to a compara- 
a tively small portion of the lower half of the Island of Manhattan. _ The aver-— 
. age building height in the Borough of Manhattan is 4.8 stories. oo per 
cent. of the buildings do not exceed a height of six stories. The buildings — 

_ ever ten stories in height constitute only a little over one per cent. of the total. 
4 Out of a total 92749 buildings, there are but 1048 buildings over ten stories — 
in height; ninety buildings over seventeen stories; fifty- “one buildings over 


twenty ; and only nine buildings over thirty stories.” of dt 


=e The a average height of buildings in the down-town illite: section of 


Pittsburgh, Pa., where the higher office buildings, the larger department stores 
the prominent hotels are ‘situated is only a little ‘more than stories. 
ina ay paper ‘by Mr. Burton, o of Minneapolis,+ it is ‘stated that: ar 


“The corner of Wall Street and Broadway was most valu- 


able land in America. It was about 40 ft. on Wall by about 40 ft. on Broad- _ 
way, and originally had thereon about a six-story building, which earned a 
_ moderate profit, after paying the taxes on the assessed valuation, | 
“The owner of. the L-shaped land, in the rear from Wall Street round 
z= Broadway, erected a tall building thereon, using the light and air over the 
low building on the corner. He had $1 000 000 money and borrowed wn sh 600 000 


Proceedings, National Association of Building Owners “Managers, 1918. 
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more for his new building, and earned a moderate net “profit” from 
_ his rentals, after paying his taxes and interest on mortgage. So the man on | 
the. corner concluded to tear down his low corner building and erect a tall | 
building, to help pay his increasing taxation. This building took away part 
of the light and air from the rear building, which presently lost most of its 
tenants to other new buildings. The $1 600000 mortgage was subsequently 
foreclosed, the “mortgagor losing his title to the land and his additional 
$1000 000 investment in the building. _ 
“The man on the corner did not net (after 
iw the cost of his new building) as he originally received on his little 


this same paper it is stated that: 

“From 1913 to 1917, the assessed land. values, ‘of improve- 
ments, on Manhattan Island south of Fortieth Street, ‘declined more than 

The statement of a New York authority on the subject* is s quoted as 6 hea 


ola my opinion after ten years’ service, if there were no buildings between 
Forty- second Street and ‘Broadway, of more than 8 s s, the land value 
would be more than it is to-day.” 


: ca The height regulations are not of ‘so great importance in other than the 


more congested business sections, , where land values are excessive. ‘The u usual 


limit in the residence district i is 3 equivalent to a height of * or 3 stories. ‘The 
_ intermediate districts allow the buildings to be erected to heights of 4, 6 and 


‘8 stories. All these limitations may be expressed in terms— of multiples of 
_ widths: of streets, number of stories, or in some combination of these, but t it is is 


4 rare that all a are re used i in the restriction. Ther maximum restriction varies 
1 the size of the city, ih 


‘exceptions may apply, i in some ‘cases, to institu- 
tions, hotels, public buildings, towers, spires, ete. I Usually, also, additions to 
height of buildings: above the prescribed | limits are allowed if set-backs 
from the street lines (in some cases property lines, also) are observed. There 
is great need « of data on the effect of height on the return from the investment 
in n buildings, : and the effect on the development of ample street areas and ade- 
quate public utility facilities. One is a private, and the other a public, e, effect, : 
but reflected in a private 1 way by taxation. This is indeed a fertile field for : 
* engineer, for there is much opinion not founded on basic truth. ety 
Area Regulations. —Area regulations may be applied in a number of ways, 
jae as front-yard requirements; rear-yard depths ; width of side-yards, inner 
and outer courts; percentage of lot occupied, and allowable density of onl 
lation. Such regulations at best are complicated, and all methods are seldom 


used in one ordinance. Requirements designed to. control density of popula- 
tion directly are the most interesting, and 1 may be expressed : as the number of 
families allowed per acre or the > number of square feet to be provided et 


* Proceedings, National Association of Building Owners and Managers, 1920. — 
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Provision also should be made in the ordinance, if possible and legal a 
continuing in effect the “set-backs” from the street, where already established 
by private restrictions or otherwise. This may be done by 
aoe of front - yards, or or the maintenance of a building line, a as a estab 


Tn ‘with the area regulations certain ‘exceptions will be ‘neces: 
: ary, so as not to prevent the erection of a one- family house on a lot that 


may | be too small to provide the required area. it is also necessary to differ- 
-entiate between inside lots and corner | lots, to provide | special regulations for 


Administrative Agency — Zoning ordinances, as a rule, are enforced by 
same agency that has to do with building codes, and other forms of b building 
“regulations. It is desirable to centralize the control of building ‘regulations, 
for all features of construction m may y be obtained at one ‘time 
One of and causes of annoyance 


too ‘rapid changes, result in the deterioration modifica- 
tion of property values. “Nevertheless, conditions will change, and different 


regulations will be required. Sometimes the people in a district believe the 


has come for a change in use or classification. may develop that, 
because of expansion of the community, or from some other reason, 


“or bu business is best fitted for a certain residence district and that land will . 


sell a higher figure for such purposes for : any other. Then there 


will develop a popular demand for revision of the classification, a and the 


be: A 


A public should be held, to consider the requests 


and protests: against amendments. This be after the 


publication of notice, and hearings and the report of the. Commission to a 
os “If then the request for change i is still | opposed by a certain propor- 


tion of the property owners affected, more than a majority vote of Some 
erent be required for approval of the amendment. This safeguard is wise 


is designed to prevent changes" and amendments being easily made 


because of sporadic, whimsical, and changeable desires in particular cases of 


supposed and yet limited benefits to be gained by such amendments. 


many things in a different way. Iti is desir able, rt: 

- Vide a Board of Adj ustment or Appeal 1 to which the decisions of the adminis- Ee - 

trative agencies 1 may be appealed and reviewed. _ Every decision | of the Board Ps 
of Appeals should be reviewable by the Courts on a writ certiorari. 
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en act granting to the city the right to zone should also make 
for the creation of such a a board of appeals, otherwise the City 


Council cannot endow such a board w ith powers to decide certain cases or 


to ma make variations in the pre provisions of the ordinance in order to carry out 
the spirit ‘of the law an event unnecessary hardship. The province of. 
the Board of she ould be definitely and carefully limited to those 


wet 
thus dcegeted. That there is ; danger, however, should 1 not deter one from 
= — a board or safety appliance; 4 for otherwise papi ordinance 1 may 


“whenever i it is brought before the Courts on a particular case. 

An example of reasonable | variation is that the use of premises may be 


periateeed for the manufacture of building material i in a territory Ww mere 3 it is 


: evident that this is a convenient and economical w ay ‘to prepare local mate- 


g rials for the erection of buildings within the district. _ There may be border | 
5 - line cases, also, regarding public service, enlargement of non- -conforming use, 


continuance after fire or. disaster, ete., oe best be handled by such 
Board of Adjustment. 
There may be other typ pes" 3 of ‘exceptional cases which are difficult of inter- 


- pretation by the administrative officer. Provision should be made for these 
all others, where there are practical difficulties or unnecessary hardships 
ine complying with the strict provisions of the ordinance. In such cases the 
Board should vary and adjust, in harmony with ‘the general purposes and 


4 intent ¢ of the ordinance, so that health, safety, and general | welfare may be 


7 set The following is quoted from the brief of ‘Edward M. Bassett, Esq., 
amicus curie in the Sheldon- -Astor New York case: quays fe. 


“In the more complex field of all their r uses, it 
would be dangerous if the State legislature did not provide some method of | 

adjustment in exceptional applications for permits. The Board of Appeals 

is the safety valve i in the zoning plan. Its function is analogous ‘to that of 
a regulatory commission for public utilities, or the pure food administra- 
tion under the federal statute. The legislature establishes a rule within 
which the administrative board or commission shall regulate. Rates shall be 


reasonable. Service shall be adequate. _ Appliances shall be safe.” 
1 ay this connection, it is of interest to quote from the decision of the om 


of Appeals of the State of New York i in this same case: 


7 


“The courts | ‘below held that no zoning regulation by the board 


of estimate and apportionment may in effect be repealed or set at naught by — 
the board of appeals by action taken in the guise of a variance. | Such con- 

a clusion is not only in conflict with the expressed intention of the zoning ‘ 

_—— statutes but likewise the power delegated to the board of appeals directly 


ee authority conferred by section 7 upon the board of appeals was to 
_ ‘determine and vary’ the use district regulations, by section 20 to ‘vary’ any a 
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al the resolution in specific justice will” 
as of the board of appeals shall ‘determine’, 

it did in this specific case, that there existed unnecessary hardships in the 
way of carrying out the strict letter of the provisions of the zone shh Psa 
and that substantial | justice would be promoted both to the , Property owners | 
and the public interest, its power then was enlarged to | ‘vary’ , v. e., to modify 
or alter in form or substance the application of ‘the regulations of the board 
of estimate and apportionment in the specific case, which it did by permitting _ , 
the building which the owner proposed to erect upon his lots embraced in the © 
business district to be extended so as to cover the lots ; fronting on Madison — 
“Concluding as we do that the legislation under 
the board of estimate and apportionment to confer upon the board of appeals _ 
the authority exercised by the latter board in the instant case, and that the 
amendments to the regulations, a part of the zone resolution adopted by 
the board of estimate and apportionment were in consonance with the legisla- : 
tive intention, the orders: of the Special Term and Appellate Division should 
be reversed and the writ of certiorari dismissed, with costs to appellants in 


Practical zoning must -establis ished on a firm legal basis. 


grant of the’ police power of the State ‘to the « city is pre-requisite. _ —- 
ration of the ordinance so as to be ) safely within the scope of the oullins power 


iad 


‘thus: conferred i is equally important. al Therefore, the advice of a lawyer, fully 
‘informed. on on the various decisions of Court cases, is needed. wo See 


In the preparation of the plan and ordinance, sufficient study. of local con- 
“ditions is essential ; there i is danger in too hasty action. The plans « and experi- 


= of other cities should be studied, but 1 with a knowledge e of why | certain: 


methods were adopted. No direct copying is permissible. 

The aim of zoning is is usefulness ; hence, in order to succeed, the plan must 
be pr practicable, and there must be 3 a nice balance between what i is theoretically 7 
“desirable and what is practicable of accomplishment. . Although “many 


are desirable, ideals can only be approached. — The city: cannot be re-made 


overnight. It is s possible to do the bes best only with what is. available, and look 


fi The public must be taken into ie confidence of those promoting the z zon- Sen 

ing plan. To succeed, the ordinance must be what the majority of the people 

want, not the desires of : a few. Publicity cannot be overdone. More often 


than not, there is a lack of “understanding in the | community on the neces- 


sity or desirability for zoning regulations, 

_ The ordinance, | in general, should prescribe regulations as to the use | of 
land and structures , the height to W which buildings may be built , and ‘the area — 
that must be left vacant on each lot. - The districts in which the different 
regulations are to be applied may or may not be coterminous, or they may be 
combined. . That arrangement \ which will secure , the greatest simplicity should 


be e adopted, and this will depend largely on local conditions. — 
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CITY PLANNING [Papers, 


Provision should be made for amendment of the ordinance, under ade- 


quate: safeguard, and a Board of should be created. ‘The fune- 


effcial, to decide lines and eases, and to adjust the regu- 


 ‘fallaltin in harmony with their spirit in cases where's a literal but too strict 
intepretation would cause “unnecessary and excessive hardship. 

ean _ Above all, the plan, to succeed, must contain only - those t things which 1 are 
— of accomplishment. Under the scope of police power, the law recog: 


nizes the necessity. only of those things which are beneficial to the whole. 


_ Esthetic and similar considerations | are not true uses of the police power as | — 


be secured and the private injury ‘suffered. Local physical conditions, usage, 
opinion, and all the surrounding circumstances are important in determining 
_ what will be useful, and whether the ordinance will be upheld by the rhea i 


ies a aut ‘The real test of a zoning plan will be: Whether or not it works? 


7 ag main basis. There m must bea a fair relationship between the ‘public good to | 
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By Messrs. ‘Rozert Fuerounr, B. SANBORN, K. I Fincu, GrorGE F. Swaln, 
M SPOFFORD, ‘Ducatp C. Jackson, T T. McCrosky, 7. 


whole, CuALKLEY Harton, J. C. Rausron, Mito S. Kerouum, W. E. WIcKENDEN, 


offered for securing a broader and more thorough training at the start, have 
been followed for about thirty years at the Thayer School of Civil Engineering, — : 
in ‘Dartmouth College. Indeed, the beginning was made fifty years ago with ia 


all Professor Swain’s view of the subject of engineering education is m we 


forth i in papers on and the suggestions 


‘admirable. The speaker has haiti. fighting for n nearly fifty years, ‘as a teacher, 
against this idea of premature specialization; it is wrong. He has endeavored fs 7 
to make the young men under instruction see the essential unity of the funda- 
-mentals that dominate the entire curriculum that the would-be civil engineer 
should pursue. Mathematics, physics, mechanics, and their immediate appli-— 
“eations in the science and practice of engineering, constitute a permanent and 
thea foundation, 


The task is to give @ man such a thorough grounding i in those fundamental. 


and direct all that. comes s afterward. The increasing host of modern develop- 
“ments seldom presents anything new in principal. Even the almost phenomenal — 


achievements of to- day engineering practice mostly exemplify principles 
Gt were learned long ago, sometimes, it is true, ‘expanded ‘and extended as 

tof -* ‘Sanzorn,$ M. Am. Soc. ©. E. —The speaker will discuss only 

r phase in, the new methods of engineering instruction, namely, that which 


as 


con 
= “Shall ‘there be be one list “of fundamentals pm an 1 engineering ‘school 


iat is giving: practical education and another for an school 


be available, and a student should able to -achool. that is 
adapted to his needs. j One ¢ type of Purine might require for his best : advance 
ment the practical be presented first, whereas another ‘might require 


_ *This discussion (of the Technical Papers on Engineering Education presented at the a 
i Meeting, January 17, 1923, and published in Proceedings for March and April, 1923), 
is printed in Proceedings in order that the views expressed may be brought before all members 
ek Director Emeritus, Thayer School of Civ. Eng., Dartmouth Coll., Hanover, N. H. _ 
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-DISCU SSION oN ENGINEERING EDUCATION 
exactly the opposite. The courses of many engineering schools wiht two 
years” of followed by two years of es science. fundamentals 


practical courses to come first, the would field surveying 


practice, practical laboratory tests in physics and chemistry, mathematical 
‘ problems associated with their field and laboratory t tests, likewise English com- 
position, including expositions and letter-1 -writing based on observations made 
in their studies. - Also, the beginnings of courses in finance and e nomics 


might b be given as fundamentals. s. T he more advanced courses in ma bois 


literature, history, and language would be given during the last tw 


wi yet 
The i that the theoretical-first method need not be applied 
to all students; in fact, his experience as professor in four different universities 
and colleges has ‘proved to him that many students advance, more satisfactorily 
_ by studying the practical demonstration first. 


_ The importance of a new ew alignment of ieuhiiaiatiiniin was emphasized a few §f 
- years ago by Professor Mann in his report to ' the Carnegie Foundation. He 
made ai an ‘study of education, in school, among graduates, 
+ . Asa a result of this study he emphasized 
- human element, as a feature that ‘howl be developed in engineering educa- 
tion. He placed character building ahead even computations and design. 
could be instituted i ina college 
-eurriculum only by dtiglacine’ some other Tin ne of study. What study should 
be displaced to make room 4 for the study of character building? e As Professor 
Mann’ report became digested, the officials of many institutions saw that, if a 
real course of study in the human « element were to find a place in the first two 
years of college study, it must displace fundamentals which must be mov ed 
to the later years and perhaps not be classed as fundamentals. 
The establishment of ¢ courses in character building has consider- 


since that report presented. There is still opportunity for 


to introduce character building courses in n definite forms, not by ‘giving 


arious studies may be “included properly cunder fundamentals. ti Each 


institution should be urged to select and to ‘specify the courses of study that 
Proposes to furnish. Many college catalogues are too sweeping in 
claims. iti is not practicable for an ordinary college to give a course of study 3 

that is well adapted to the students who have a practical bent of mind and also 


to those who have theoretical inclinations. An institution eannot cover all tl the 3 

_ fundamentals and all the branches of the Engineering Profession in other 


ge 


4 would be better, say, for one institution to furnish instruction in the 


- fundamentals of practical engineering; another to teach the fundamentals of 
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ON ENGINEERING EDUC ATION: 


a theoretical education; and a different institution to qualify its graduates — 

primarily for for positions | that combine business with Progress is 

necessary step in present- day engineering education. These “papers, ithe 
remarks” of other discussors, and Professor Robinson’s “Mind in the 

Making” all point to the need‘of changes. ‘It As a sign that indicates growth 

and activity. As new 3 methods are considered, it is hoped that a new alignment 
‘fundamentals will be emphasized; that there will be different types of, 
- engineer ‘ing schools, some with practical courses of study first, followed d by the 7 

2 theoretical ; others with the theoretical courses first, , followed by the practical 5 


and that each ‘school “will state clearly and definitely what type of training 
offers, and thus guide students in selecting a will be 


a ‘The speaker “seconds the criticism by. Mr. McCrosky. Such criticism 
plied refers specifically to the objection of requiring too’ much in each course of 
torily J. K. Finon,* Assoc. M. Am. Soc. C. E—The p papers presented ty 
fessor Scott+ and Dean Raymond{ emphasize strongly the fact that e engineer-_ 
os ing instruction should consist, largely of broad and thorough | training in the 

fundamentals. . In past years, there has been. a tendency toward called 

vocational instruction which will produce | graduates of high technical - pro- 

ficiency, will make well trained draftsmen and designers, but will not hoe 4 


engineers. Dr. Fletcher has stated that instruction at the Thayer School of 


se in each 
physics, chemistry, mineralogy, and geology, as well as” in 

fundamentals 3 of the other branches of f engineering. 


b Ins addition, Dean Raymond’s paper discloses clearly the growing demand 
5 hot only for this thorough and fundamental type of « engineering ; training, but ; 
oe also for a broader | kind of training which will fit the future engineer to meet. 7 


wider the requirements of the rapidly broadening field of engineering effort. The 4 


sible . engineer to-day is being called on to meet new problems in new fields where — 


such the engineering viewpoint and engineering are found to be necessary. 

rts of Indeed, such opportunities are, in general, more attractive to young men of 
ge 7 broad training and high ambition than more strictly technical positions. i The — 


Each _ paper shows that a_ careful analysis of conditions in the West argue for a 


five- -year program, allowing time for some of the non- technical subjects such 
their as English, history, a and economics, as the best means of meeting this demand. 
study § About ten years ago, it was concluded that the proper s solution of the problem 


d also” liberal engineering training was to require engineering students at 
all the 


successfully done in the ‘courses of law and medicine. 

* Associate Prof., Or, Eng., and Summer Camp Columbia, Columbia 


oat _ Civil Engineering at Dartmouth ‘College has always been based on the plan of 
1 
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in a authority ‘advocate of a eountry-club ‘eol- 
eourse which Professor Swain denounces in ‘his book, “T 


nd Civil Engineering” , but they do feel that the ultimate solution of the 


an 
_ problem of a broad training for the engineer will be to base, as they have 
already done, his engineering training on a ‘gdod sound ‘college « course. They 
not think that this plan can or should be followed in every institution. 


és free a do what i is felt to be best in advancing the standards of higher edt. : 
cation, ‘has met this demand in a manner that is thought to be the best, and 


which will ultimately be so regarded. ‘an ideal it is certainly worth 
_ working for. As a practical plan it may , be so far in advance of general engi- 


neering and public opinion that no institution can afford to make it obligatory. a 
He What has been the result of ‘this change, which lengthens the period of 
university study from four to six years? As far as attendance is concerned, 


the result has been just 1 what was expected. ‘The new plan | went into effect at 


a most unpropitious time, but even with the coriditions ‘growing out of the 
“World War, general business depression, ete., , the attendance is about half the 

- normal capacity and is increasing. ‘Tt i is believed that the ideal of a broadly 

= trained engineering graduate i is growing in the United States, the ‘papers 

4 sented on this subject prove this, and that, in due time, Columbia University 
_ will receive the full support which its program merits. - Certain of its require- 

4 ments doubtless been excessive and may hay have | in 


carry out ‘this which they to represent a high ideal i in engineering 


The result, which was also expected, is that the 
the | engineering ng school are more mature in ‘mind, and mor more thoroughly fixed 
in than those four-year course. Although the engineering | course 


the usual engineering student, and to devote more time to 
ey which there i is room for a difference of opinion, for careful analysis of — 

assumptions and practice, in short to emphasize the development of an “en- 
a gineering mind”, rather than merely dwelling on facts and standard methods. - : 

_‘There are two other points on which the "speaker would like to comment: 


First, Professor Scott has spoken < of the necessity of training men for certain 
"positions. The experience at Columbia is that this cannot be done in a uni- 
versity. Not only must. university instruction be broad, fundamental, and 
which will crowd out much special training, but that graduates 
often take up branches of engineering other than those in which they majored — 
7 in | college. . Mining engineers become civil engineers, for example, and 1 quite 
recently a Columbia civil engineering graduate was appointed to ‘the presi- 
dency | of a large company, his two predecessors being Columbia men, one of 


however, was a mining engineer and the other an electrical 
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effort, as many are doing, in which engineering furnishes a eieaaadi rather 

than the main ‘subject: of his efforts, in most cases he n no o longer considers him- 

self : an engineer. There have been cases, es, for example, of Columbia graduates 

having gone into bond investigation work for banking houses, who have either 


| 


rtunities for engi- 


“neers sand if, seems te be true, it will be the duty of future engineers to 


“meet ‘many ‘problems in other than strictly technical fields, it. seems obvious 


that a a determined effort should be made to keep in the Society these men who 
carrying engineering methods into new fields which, if not. strictly en- 
gineering» from the technical standpoint, ‘are nevertheless engineering from 
the standpoint of method, thought, and action, A large ye part of future engineer- | oY 
will be in this and it is the « duty” of the Society to claim this 
field and to keep closely in touch with it. — Many | technical contributions will 

be found in Proceedings, but little ‘has been done either to interest and to hold 


engineers who : are it in these modern fields of engineering work or to advance _ 


: = pplication of engineering methods in other than strictly technical | lines. 7 
This is an opportunity for the Society to increase its interests ot activities a 


GEORGE F. Swary,* Pasr- Presipent, Am. Soc. C. E .—There seems to be 


idea- -and it is well founded—that | something is wrong | with education. Tt 


seems to ‘0 the speaker that one trouble i is with respect to the fundamental ques- _ ; 


y Professor Finch. Recently, President Hadley,t of Yale University, although 


Education, in means a an n effort to develop the > native, 
inherent, potential possibilities of the student. It has been largely interpreted, 


_ of recent years especially, to. mean “to put in”. 3 The student thinks he is 


going to » school to open his mental | mouth and be crammed with : information. 
That idea is wrong, and will never lead to ‘good results. — The object should | 
_ be simply to train the mind of the student by proper subjects of study and 
Proper m methods of instruction. He should be the fundamentals of 


of a mind ind trained 80 that he may be able to turn it to ) the | consideration of a 
my giyen yen subject, and bring to bear his knowledge of any or or all. fundamental i 


subjects that he has acquired. — The tendency has been in the other direction. - 


The field of ‘Science has increased enormously within the last few years; sot 4 


subjects have been developed—the automobile, the tank, the ‘aeroplane, radio— 


but they all depend on - on the same fundamental principles most of which w ere , 


known years ago. — Instruction in those specialized branches should not be | 


given in the undergraduate ¢ course. . Only ‘the fundamentals that have been a 


* ~ 


Cons. Engr.; Prof. of Civ. Eng., Univ., Cambridge, Mass. 


— 
— 
n | 
| 
nd 
th 
zi- 7 
of 
ed, 
the 
the 
i 
dly 
re- 
in 
to 
ing 
xed 
irse 
the 
vith 
ters 
3 of 
‘en- 
ods. 
ont: 
tain 
uni- 
ates 
ored 
ite 
= 
e or 
. 
ring 
i 


DISCUSSION ON EMGINESSING EDUCATION Papers 


courses, as has been if he wants to pursue specialized branches 


‘The tendency to give information rather than training has gone and 
the | preparatory schools, : and the curricula | of those schools are being crowded — 


subjecte which do not belong i in them. Ww hen the speaker was was a boy, it 
as R’s”. He does not know what it is 
are © taught now, but he. does ‘know ‘that. not get the “three R’s 8”, by Me 


and that ¢ even college graduates ¢ do not have them. ij They have been treated to a to thé 


superficial taste of subjects, generally without learning any congr: 


ae educators could get back to the fundamental idea that they want to draw | receiv 


indica 
regard 


ot: innate power, that they want to train, instead of to put information into long t 

the student’s head— J—although, of course, incidentally, they inculcate a great doctri 


 aeal of information—that the main idea should be the training in fundamental — ‘securi 
principles, they would observe great improvement. The speaker knows ‘that shoul 


college graduates do not get such training to- day. howev 

7 wi How far afield we have gone in engineering education i is illustrated by the © oo TI 
fact that Professor Turneaure’s ‘suggestion, which Professor Raymond has _towar 

: -quoted,* and which is excellent and sound, is put fo forward as something new. . & “speak 

Professor Fletcher | has stated that ‘it is what they have been | doing at the g 


Thayer School of Civil Engineering, at Dartmouth College, for thirty years, -engin 


and these very ‘principles have been 1 applied at Harvard University and the F engag 


> Massachusetts Institute of ‘Technology. for more than thirty years. There 


nothing» ‘new in them; are fundamentals; they are important; and they sentec 


ngi 
M. Sporrorp,+ M. Am. Soo. C. E—The speaker is heartily in accord 


those who have ‘expressed the c opinion that the e education of the 
. should be devoted primarily to r rigid training in fundamentals, rather than — 7 ; 
the effort to give the student a mass of information concerning practical details 

which are continually changing and knowledge of which | can be acquired with 


; much greater advantage in practice than i in the schools. _ These fundamentals — co 


engin 
e 


should include English, economics, the sciences underlying engineering, and unde 


the specific theoretical subjects on the application of which his particular ] pro- ee 
fession 1 depends, these latter su subjects being accompanied by practical examples “neers 
sufficient to illustrate their application, and given primarily for that p purpose, — ‘ prope 


t Inasmuch as the character, judgment, and vision of the engineer » as well 
as of other professional men, are of supreme importance, the desirability of We 


various courses should among their most important purposes the develop- 
of thoroughness, self- reliance, honesty, and imagination. It is the 

3 speaker’s belief that the usual subjects in the engineering curriculum are well 


adapted to the development of such qualities, and that the exact ; Subjects - 


Hayward Prof. of Civ. Eng., Mass. 
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Papers.) DISCUSSION OW ON ENGINEERING EDUC CATION 

selected are of less importance than the logical of 
matter, the method of and the the teacher. 


C. Jackson,’ * M. Bad. —The ‘papers by Professors Scott 


and and the discussion by Professor be taken 


it is necessary to repeat them. ¥ This seems. to be unfor tunate; but the 1 papers -_ 


by Messrs. Alexandert and Harrington} indicate : a different situation in regard 7 


‘congratulated that he was one of the early teachers in engineering to emphasize 
the ideas which the engineering» schools now fully “support, and which are 


reg to ‘education thirty 5 years, but received SO little acooptanee that | 


‘to the acceptance of the doctrines refer red to, and Professor Fletcher i is to be a 


receiving the endor sement of the E ngineer ing Profession at large. Tt takes: a 
long time to bring a general recognition of the appropriateness, of educational — 
doctrines. The problems are. complex | and difficult. There are no means of 
securing a specific or a formula which will determine ‘the 
sad 
should be j > pr rovided for a par ticular line of endeavor. There are certain naa 
however, which experience has proved must be followed. aft = 
ie There has been a vast change i in the attitude of the Engineering Profession - 
toward. ‘the « engineering schools" during thirty-two years in which | the 
speaker has been a professor in an 1 engineer ‘ing school. When, as a rather — 
youn; g man ¢ actively engaged | in engineering affairs, the speaker went to an 
“engineering school as a professor, one of his intimate friends, also actively 
engaged in in engineering affairs but considerably older, referr red to the employ- aa 
_ ment as an engineering teacher as ‘ ‘retirement to the cloister”. i That repre- P. 
"sented fairly the view in Engineering Profession at large ‘at 
The graduate of the engineering school was looked on with ‘suspicion, in the 
I 
"Engineering Profession, as a man probably of erratic tendencies, theoretical 
but not pr actical, and there was still a discussion of the relation of theory to i. 
“practice. Since then, all this has been changed. 
"engineering ‘schools are not cloistered institutions for a few, may 
have ‘some curious ideals, but are the substantial ‘seat of. training for the 
Iti often said as a pleasantry, that the | only profession in which fathers / 
pie their sons to follow their footsteps is that of « engineering. - Whether | : 
oF ne not this statement is correct, it is a fact that the sons of a great many engi- — 
“Reers, enter their fathers’ profession, and we must see to it that. | they have the 
proper education to enter that profession | on a level with it its p pr resent elevation — 
i and accomplishments. — Also, whether our successors are our sons or the sons — 
of others, we must see to it that the education of our successors is adequate. 
We must “distin uish carefull between orofessional education, which 
must b ferred o cessors and | e provid h 
Must be conferred on our successors and is to be provided in the great engi- 
neering schools, and vocational education, which is needed for a large group - 
of f employe ees in industry who do not reach the professional elevation. This is’ a q 
a Matter of great moment to be ameenens and reflected on by + the National. 


Prof. of Blec. _Eng., Mass. Inst. Tech., Bo 


Am. ‘Soc. Cc. E., March, 1928, p. 506 
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6 DISCUSSION ON ENGI NEERING EDUCATION 


During the past thirty years the medical societies have taken greater 
ei interest in the education of the physician than theretofore; their interest was’ 
a followed by rather active work in education for the law by the Bar Associations 

of the country; but it has been only during the last twenty years: that the 


4 National Engineering Societies have taken an active interest in professional 


education for engineers, as exemplified i in the performance the engin ering 
_ The first joint meeting of a National Society. (the American 


ise Institute of Electrical Engineers, i in ‘that instance) with the Society fo for the 


‘= Promotion of Engineering Education \ was held in 1903, and : at that time sliien 


a may have been great doubt as to the interest of the members in such a meeting. ; 
_ However, it proved so satisfactory that a similar joint meeting was held in in 
: 4919, with great satisfaction. In 1921 there was a joint session of t 


jean Society of Mechanical Engineers with the Society for the ‘Promotion | oft? 


joint sessions are very serviceable. ‘They are encouraging to the” 


~ teachers, and they should be illuminating alike to the teachers and the engi 


neers in “practice outside the ¢ colleges. It is to be hoped ‘that many more | 
meetings of this kind can be held, the teachers” receive | very definite 
=——_—_ and encouragement, the engineering schools are guided toa onal 


by the interchange of ideas between the teacher and the’ 


suggest that the 
engineer’s education should be fe founded on the that an engineer should 


be defined as a man competent to conceive, re, execute, and administer “great 
- works, but this was then considered by others as rather an idealistic view. 
- However, there ‘seems | to be an agreement that that is what we are now sub- 


a4 stantially looking for : as the pr emises on which to build professional engineer- Pe 
ing education. — ‘The question arises: how : can the situation be improved, and 
_ what can the engineering societies do 3 in further aid? ‘Mr. Harrington has 


4 
made some definite and | important § suggestions, and some concrete and desirable 


pp proposals i in _ respect to ¢ engineering students, He has suggested that there is 
aa more in the way of co-operation that can be accomplished. a The foundation is 
now laid so well that ; it might be practicable for the boards of government of 
the several National Engineer ing Societies to consider this question and 
i establish a a joint committee for the interchange of of ideas between the National 
fl ti  Sciated on this important problem - Such a committee would be serviceable i in 


o-operating with the of the Society for the Prom motion of 


- with the important t committee on the education of professional engineers which 


the National Industrial Conference Board has convened. 


The National _Engineering Societies might also add their influence 


gaia tion. Such support of the effort to co- -ordinate more adequately engineering 
education | on sound premises, which Professor Seott recommends so heartily, 


c will go far toward establishing the study of y of the : situation w hich he he recommends, 


= and which is recommended by the new committee of the Society for the 
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Promotion of Engineering It is necessary to demonstrate “that 


the: Engineering Profession believes that such a study is desirable for the 
"benefit of the Profession and the industries of the ‘country, and « of the social 7 


"structure of the N ation, but with that demonstration the 1 necessary impetus 
“will be furnished, and the speaker is satisfied that this important study will | 7 
be secured. It is te to be hoped that this joint: ‘session may bring the matter 
to the attention of professional civil engineers so adequately that the Society 


join in supporting the effort which may ‘prove of such ¢ great moment 


_ Tueopore T. McCrosky,* * Esg.—In view of the fact that education is being 


"discussed, itis perhaps fitting that a student should participate to some extent. 
In engineering education there i is a “definite tendency to overload the = 7 


pm ‘and this re-acts to deaden the initiative of the student. , There are 


so many fundamental courses which must. be included, and so many cultural 


and practical courses which should be included, that the student who does jus- 


tice to all has little time or energy left to devote to individual work. A student’s ce 


time is monopolized to such an extent that he cannot pursue the particular 
subject i in which he is especially interested. His initiative, , which ] prompts him 


‘to do unrequired work in some branch of his profession, is stifled by the mass: 
of stereotyped work required by the faculty. In order to ) satisty his initiative 


along special lines, in order to live 7 up to his” ambitions, he must neglect his 


assigned work. lonsequently, one hears, over and over again, the question: 
“Do we have a know this? oe Tf this question were asked only by the under- — 


graduate of the type who pre on » his university as a country club, it would | 7 


really come t to college for an a. This attitude i is s far from praiseworthy, 


student i is faced with two. courses of -action—either to neglect i in part his cur- aan 
ticulum in order to devote himself to original w vork, done on his own initiative, 

in answer to the call of his ambition, or, to do his curriculum work as it really 
should be done, and stifle his initiative and the promptings of his ambition. 
Which is the better engineer—the man with plenty of initiative, but weak 

in his theory ; or the man who knows his theory, but has no initiative, ihe ideal 


but the ability to do what he As told to do? Certainly, neither is | the ideal 


ul) This is not a new but is one which should never be lost sight of, 
Attention has been called to it, because it has not been raised thus far, and 
surely, no discussion of engineering education would be complete without some P. 
mention of ‘it. An engineering student, therefore » appeals to the great edu-— 
cators of the country to keep it always before them, lest, the initiative of 


. CHALKLEY Harton + M. Am. Soc. E. - —A subject i in which the speaker 


; as been interested for many years, and has discussed before many universities, 


There is no doubt that the fac culty knows best what should be taught. Each 
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and boards i in such a way ‘that they will be understood. their se 
es: nf The : speaker does not know the number of hours for the study of English the alpl 
required by the average engineering school or college, but he does’ know that Do the 
4 at present he has about fifty-five young engineer graduates on his ‘staff, each off) number 
whom sends in reports weekly—sometimes daily—of his operations. Thee human 
men are frequently called on to prepare specifications for their particular This 
_ work, and it is astounding how little _ they know of the English language and | educato 
of the legal side of public work and of contracts. . The speaker has also pre- & to 0 enfo 
- sided « over many “engineering meetings and societies of young men, and has even th 
called on those whom he knew understood the subject. under discussion, and J adminis 
has been embarrassed in finding how poorly they. could express themselves. It the eng 
seems that, although fundamentals are wanted—they are necessary in all engi- enginee 
neering education—something broader i is needed. A man can learn the funds 
=o mentals of ¢ engineering, and still be graduated a ver y narrow-minded n man. . He F not ulti 
& nust know how to express himself in good English. * He must know something we the 
about politics, that ‘is, he must be in close touch with what the ‘people want, § of de eli 
must know how to find out what they want, and how to express himself in f “i 
if universities would give more attention to the teaching of English, t th we 
n 
- 4 speaker thinks that engineers would make greater strides than they are making ad enling 
J. C. Rat ston,* M. Am. Soc. Cc. E—It i is with hesitation that the » speaker digeste 
~ ventures any comment on so complex a subject as engineering ; education. He vaguely 
Tita ow 
has often thought that there should be some orderly and more human method Wh 
-_ of classifying students before they are enrolled either in the engineering religion 
z colleges or the “universities, or that there should be some form of probationary — Wh 
enrollment based on something “more than mere mathematical -equipment— and tr: 
4 something more effective i in ‘human classification. than that of continuing the i 
present rather loose and inconclusive custom of accepting the applicant who 
satisfies certain requir irements. Why should an engineering college 
ndust1 
4 enroll a pupil is ‘anything but that of engincering 
Could 1 not the matriculant be shaken down through a stack of psyc ychological 
creens, from the coarse mesh of ineptness” to the fine mesh of” specific the spi 
qualities, in the same ‘metaphorical manner as the metallurgist. classifies the 
; mechanical properties ¢ of his field samples before submitting them 1 to the ieee 
for final 3 measure of worth and value The speaker has seen scores of young agitate 
men have been trained in college as as the colleges and their 
“splendid staffs have been able to train them, but the students did not have the ~ oli 
“engineering mind.” Tt would be impossible to produce engineers from su such hes'ah 
- material. i he Engineering Profession has adopted incomparable refinements ow 
in its labor: atories and elsewhere i in determining qualities and qualifications a sy. 
the materials of construction. 
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the colleges and universities met. the concept of this challenge in 
their selection of human materials? The forces” and materials of Nature are 


Do the demands of college enrollments, blinded by the false notion of mere 
numbers, ‘smother an understanding of the necessity for the selection of — 


This subject has been visualized before by many earnest and accomplished — 
educators. we The speaker is aware - that the land grant colleges may | be» unable 


to enforee desirable restrictions, other than loose educational ones. - Possibly ny 
even the less. hampered u universities have endowment or legal restrictions which rT 


administrative officers construe with a meticulous nicety; yet the challenge to 
the engineering educators and to the whole profession as to the selection of the : 


4, It is granted that there is no super-man who may say that John Doe may - 


not ultimately 1 make a a good e engineer, but the aan is constrained to > think © 


of devices, nor so hindered with traditions, that it cannot use some of the a 
‘methods or devi ices chosen by business and industry i in selecting employees: on 


whom special training is commercially worth while. ‘the speaker’ judgment, 
this constitutes a challenge to the profession. aly rei 
_ Another outstanding challenge to the broader cor concept of American engi- aa 
neering education is the ’ preparation of the young man for the wider activities | 
and duties of the . future engineer. Technical education is well understood and 
digested, but the vision of "applied ideals in engineering is overlooked or too 
®t What class of professional men in the United States has shaped the nation an 7 
ideals and traditions? -Manifestly, those of the divinity. UGE 


2% 
What professional group has shaped and guided the t nation’s political ideals — 


> 


and traditions t What group has inspired the best political development, ‘ai 
constructed the fabric of the nation’s highest political and legal aspirations, and — 7 
made of them a national tradition? It has been the legal group. 
Again, professional group has shaped or or is shaping the nation’s 
industrial ideals? - None. Industry in A America, as far as it has gone, has — _ 
‘accomp lished superlative scientific and mechanical developments. Our indus-_ 
trial ideals are compounded only of cold material accomplishment. pI This, how-- 
ever, is only one- -half the nation’s best aspirations and ideals. | The other half, n 
the spiritual or human half, has been left untouched, ‘except in so far as it has 
been od by the virus of class- unionism, and grudging 
poisoned by the » Sul g 
‘Service, ¢ directed by scolding, whining, and fault- finding groups of doddering E 
agitators. These are the ‘groups and types that : are misshaping our ‘Teal funda-— 
mental industrial ideals. The breath of constructive and patriotic genius has ‘ 
been smothered because has been microscopic; the, view, 
has alwa ays been a “close up”. . The broad perspective has been lost. 9 coum iat i 
What professional group, therefore, is qualified by training, education, and 
“Vision to direct and inspire the nation’s industrial ideals and them into- 
a reat national t1 teemition:; as the other two major national traditions have been ~ 
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- plainly obvious Date: or has failed to prepare itself for its broader ac activities in 
its own special field? Conclusively, the engineers. thi J 


i _ This, then, is the other challenge—the challenge to leadership in industry, 


to the Engineering - Profession, to the t teachers of engineering. L et the challenge 
be met so that it may no longer be said that the spiritual vision of the ‘Engi- 


neering Profession is charged with rance of promise and the sterility 

S. * M. AM. Soo. —For some time there has been an 


attempt to select. men for the Profession of ‘Engineering, and many have he 


thought that it is possible to determine early in a man’s career whether or | of sin 
societi¢ 


not he will later show proficiency in engineering work. be’ _ Since returning to the aatetbe: 
University. of Illinois , the speaker has been strongly impressed with the records § °PeT 


of two men whom is knew in their student days. _ These n men were students 

> in mining engineering, and were about the two most ‘unpromising candidates 
for the Profession of Engineering that could be. imagined. _ Based on present 
4 standards for rating men, these two were lacking i in 1 practically every essential 
that would appear to qualify them for the Profession of Engineering. One 


of these | men was graduated, and the other “ “quituated”. The former, at a 


later date, received a Ph. D. degree from a prominent Eastern educational 


m 
_ institution, and is now one of the leading mining engineers in America. _ The conside 


other has made an excellent record i in mining engineering. Students of the = aetbe 
e bes 


-ealiber of these two men would not at present be permitted to remain in any 


7 7 Early i in his teaching career, t the speaker thought it possible to determine m pee 
_ whether or not a young man would make a success as an engineer; but, during al h 
twenty-five ‘years of experience | he has been’ unable to find any method of 


selecting young men for the Profession of Engineering. - There are so many saa 
elements that go to make up a successful engineer that no method of rating import 
has been ‘discovered which will be of any material assistance in determining his wor 
whether 3 young g men ‘should enter, that profession. 5 wild ins and 
a Referring | to the matter of the curricula of engineering colleges, the on W. 
speaker has felt that perhaps: we are losing our heads in our desire to make fact th 
a man out of a boy—to get accomplishments at 21 that we should only expect agencic 


at 40. i Ted is difficult for a young man in ‘colleg ge to be both broad and deep. ucat 
Some ‘months — ago’ in talking with an alumni committee that was trying to Nation 


In 
We ca 
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deep, } 


though 
sary U1 


plished 


determine how a certain course in engineering ‘should be given— -that this ‘The 
should be | put in and that should be put. in—the — mnanty said to one tion th 
— “TE all the courses that your committee is suggesting were placed i in the Society 
ail iain: the student graduating would be very much like the Platte River. trial C, 
The Platte River is a mile wide and two inches deep; it goes wandering all i 
over the plains; it sticks itself into everybody’s business; it drops things J “°° to 
here and there; and it accomplishes nothing. Iti is just a pestiferous nuisance. the gre 
If you were to confine the waters of the Platte River within a narrow channel, 
it would be a self-respecting and useful stream; its velocity would be in- Did th 
_ creased, and it would carry away the sediment in place of depositing it along Pos 
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‘Papers ENGINEERING EDUCA‘ 
aap i In a professional way, most of us are _— to be like the Platte River. a 
ae We cannot be both broad and deep, and the speaker has come - to the conclu- 
ii sion that we should give | the most attention to making the engineering student 
deep, paying considerable attention to his ambitions and aspirations, giving 
rility him enough breadth so that he ‘will finally become a useful citizen and be 7 
_ able to accomplish something in his chosen profession; and in that way we) 
shall be doing t the ‘most we can hope to | 
The speaker has recently been much impressed with the lack (of training 
of ‘many men who have been. engaged in research work. The records of all 
the societies are cluttered up with | the discussi ions" of many subjects and much > 
experimental work, x not only useless but vicious. 1 ‘Tests that have been well 
thought out have been carried on, in many cases, by ‘men without ‘the neces-— 
‘dates underlying theoretical training to realize what was intended to be 
plished, the result being» that their data have been worse than useless. It is. 
atta important that research work should not only be outlined by competent ‘men, be 
Oe but that the details of the investigation should be carried out by men thor- .. 
ata oughly well- grounded in practical theoretical applications. 
one al In addition to having been an engineering teacher, the speaker has had | 
The | considerable experience in practical engineering in contracting work, and i in 
the engineering administration. The men in the speaker’ s employ who have given 
» oa | the best results have been those Ww ho : made the best records i in college and had a Pig 
wa thorough theoretical training, t These men were able to take up the business _ 
— and practical side of engineering much more quickly and efficiently t than those © 
who had had superficial t training along these lines. broadening 
od. of humanizing value of any subject is largely i in . the ‘teacher. - After all, it is the 
‘many great teacher—the man _ behind the gun—that is g going to count; and it is not s so 
rating important whether he teaches one ‘subject or another if he. puts the punch he 
ining his work, if he teaches the - young fellow to be awake, to “g ‘vet into the ¢ game”, 

3, the _E. . Wicxenven,* Esq—The speaker has been much impressed by the 
fact that a unity. of objectives” is sought, although through a_ diversity c of 
expect -Meencies. | The possibility of the Society for the Promotion of Engineering | 
| deep ‘Education, as a liaison body between the great groups of engineers in the 
ing to National Societies, i is an idea that is growing i in 1 thought and attention. utd a or 
The speaker will say little more to-day than to second heartily the sugges- 
to ~ fon tion that possibly it is time for each | of 1 the ; great National Societies to appoint — 
fa representative to confer with the committee that is already established by the 
in the - Society for the Promotion of Engineering Education and the National Indus- oe . 
me a trial lal Conference B Board. The speaker hi has a strongly growing feeling that we are a 
things face to face with the question as to whether the lines of cleavage now found i in a “4 
isance the g great engineering fraternity may not have p possibly outlived a _ great deal 
rannel, B of their usefulness. . Did they 1 not have ve their roots in an historic situation ? 
Ll Did they not t originate in 1 the evolutionary conditions by which each branch of £ rs 
as engineering practice has differentiated itself from the parent stock? Are not ee 
ae ba activities of engineers, especially those who here in the great industrial 
Pres, Am. Telephone & ‘Telegraph Co., New York City. 
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nterprises of the country to-day, ‘subdivided along. fune hither 


th an on lines of historical ‘evolution of ‘the great engineering societies? If 

have this question before us, certainly body which is interested i in the 

subject of engineering education has a ‘great purpose to serve as a liaison body 


3 ps which the aims, the ideals, the ee gare of the great National Engineering 


tio 


= of fundamental processes of education which men are to 
perform their tasks in the world, and nd carry on the processes of their own educa- 

—With the of indicating the 


Mr Wickenden, ‘the discuss branches, and may indulge 


Twenty years ago, the speaker was elect the American Insti- 


tute of Ei lectrical Engineers, and made it a point to ask many of his colleagues 


a the Institute should do, and what | its function was in the electrical 
engineering field. One of the replies w: as this: “I don’t know what the clee- 


trical industry is going to bei in the future, but in the past it has been doubling 


were likely to have doubled what then seemed a very wide use of electric 


service. + Now, if in five years the volume | of electrical industry ee to be 


having thought ahead, was startled the ‘iden that in a short five years 


reat ‘ae ‘schools? ‘Then, be in 
er lopment of electrical engineering, National ‘Institute should 


direct its attention toward the schools, in “order that the students might | be 


_ able more quickly and 1 more , effectively to to take up the burdens of | engineering 
work as followed by correspondence with: 


before becoming a teacher—and, as as the outeome the > replies and ¢ a “recom: 


within the next few months, were formed in a ate schools. er 
followed, ‘until now there ¢ are sixty or seventy if Some two or three years Tater, 
the e mechanical students i in one of the colleges, desiring to follow the example 


Society of for 1 ‘recognition. few years later, 


the m mining eominces: formed branches, and some two « or ‘three years : ago ago the 


‘The idea peg @ common co- o-ordination between engineering societies wit 


elation to student is so far i in advance of the of twenty years 


ets arguments that have been ‘presented, there are many reasons in favor 
of engineering g students j joining together in common effort in student ‘activities. 


Eng., Sheffield Relentifie School, Jniv., New Haven, Conn. 
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this had. better be one group, with subdivisions, or several ‘divisions 
- -ordinated or federated together into a general group in a school, or whether ro 


all the students in common, irrespective of the courses they m may be taking, - 
better belong to one general engineering society, the speaker is” not 


‘eady to say; but the coming» together of the « engineering ‘societies in one 
uilding, making it a of the 


the best things that ‘the engineering societies could do in influencing the 


Sypney WIL MoT, Au Soc. E. —The plan proposed by Mr. 


and amplified by Professor Scott, ‘seems to ) involve joint a activity. 
by the Engineering Societies in pursuit: of student chapter activities. 
is one of the ‘most important phases of our professional contact with | engi- 
neering schools, and deserves the heartiest sentiment in its support. 
_ There need be no argument as to the mutual advantages of student mem- — 


to the student to the societies. In certain cases, however, when 


confined to a particular society, even swch,. a simple relationship is almost 
impossible. Take, for example, a case of personal observation and interest 
(Brown University), in ‘which the: course of study, involves three years of 
unified work by all students, a branching out or s specialization in ‘the 
fourth. ‘Thus: ‘the student need not decide definitely on his own peculiar 


trend study until senior year. In fact, he would ‘usually hesitate to 


tf 


=| 
| 


himself with» any one ‘particular undergraduate engineering chapter. 
Likewise, a inhibition would operate in small schools: where the total 


ican of Civil would join now in some 


<. of co- operative effort with the Society as student members, if their eT 


ts Obviously, i in this case, the present plan is not adv rantageous { for the ik. 
of the situation. | Only some kind of joint organization, as proposed among 
‘the several ‘societies, will ‘overcome the difficulty. Under this arrangement, 
all men in the keine courses, whatever | their y year or their aim in engi- 
cheering work, would feel that they were eligible. With euch 
At least one other National Society is ‘the advisability (if 


has not already taken action) of permitting the affiliation of any engineering 


student or group of students. - Joint action, it would seem, is. a far better 


& 


ies The sentiment in favor of such a plan seems to justify it, and it is to be” 


hoped that the Society may see fit to advocate it, as it will be an effort of 


potential value to the Society and of possibilities to the smaller 


* ‘Asst. Prof., Civ. Eng., Providence, R. 
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Buex,* M. Am. Soc. C. E—Mr. Harrington has reported a condi- a 
a tion among some of the student branches of the Engineering Societies that is d 
discouraging and may become 1 ‘more 80; but he has also presented an interest- 


"a "separate student branches in 1 each ay the colleges and technical ‘schools, — 
which would serve as a common feeder to the four Founder Societies. i 
not practical to ask, what engineers are going to do about it? A in ranhitte. 4 


a. Will not individuals take advantage of the opportunity and write to the 
a of Direction, asking that « a committee be appointed to try to obtain 
joint action with the other Founder Societies in improving the work of and > 


= surrounding the several student branches? 


A. B M. 
discussion in years among. engineers ‘and ‘educators sas to th 


curricula for the training of engineers. kinds of combinations of "general 
and technical subjects. have been proposed i in courses of four to eight: years a 


4 extent. Many leadin g educators have strongly urged the modification of the 
present engineering ‘curricula s so as to reduce the e number of highly specialized 


5 subjects and to provide opport tunity for a a broader and ‘more fundamental 


_ training. - Some engineers have recommended that such subjects a as business 


finance, accounting, and public speaking be taught in 


neering schools in order to furnish a | training 1 in the business phases of the 


_ engineer’s work. ‘Whatever the plan proposed, or ‘remedy suggested, it is evident 


al ‘ that there is a need for a careful and thorough study of existing conditions. 


Professor Scott has presented the project of the Society for the Promotion a 


Engineering Education. The purpose of ‘the writer ’s discussion is 


present. briefly another project concerned | with the study of engineering 


Experience in army training has shown that “the first _Tequirement for 


effective work is the preparation « of detailed statements of exactly | what the 


men must be trained to do. By thus clearly stating the objective for training, 

it is possible | to produce courses of study which are much more effective than 
— those produced under the old system i in which specifications are not prepared. 
_ ‘Industry , has recently recognized the need for such occupational specifications, 

many organizations are making the necessary job analyses. 


Objection has deen 1 made ‘that it is impossible to state the things an 


- neer must be able to do, and those he must know. Army experience has shown 


otherwise, however, and has demonstrated the need and value of descriptive 


i 
4 statements. of the qualifications required for various engineering positions. 


To meet this need, the American’ Association of. Engineers has appointed a oa 
4j committee of engineers” and educators, of which the writer is Chairman, to 
make a study of the. classification of engineering positions. _ The Committee 


is confining its attention at first to the highway field, and is securing data 
from: about 8 000 highway engineers in the service of the 8. Bureau of 


Cons. Engr. (Buck & Sheldon, Inc.), Hartford, Conn. at 
Educational Specialist and Cons. Engr., General Staff, War Washington, 
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Public aa six State Highway Commissions the United 


States. Specifications for the various positions involved will be prepared from 


the data a received. These s specifications will be of service to employment ser- — 
vices, personnel departments, civil service commissions, and similar agencies ~ 
in the selection, assignment, and promotion of engineers, and will furnish 


information to educational institutions for the preparation of engineering» 


‘be subject of « engineering education is 


= First, the average engineering student of to- y-day lacks experience, and, 
on ‘the average, probably possesses less than that held by those who were 
graduated ten or twenty “years ago. _ Furthermore, much of the education of 
the engineer will necessarily follow his graduation, even if five- and six- year 


yal 


courses are , adopted. The great school of f experience i is a finishing college, and — 
" nothing can ever ‘supplant it. This is no excuse for ineffective educational 


: methods, but 3 is only a bo which | cannot be et in judging the ee 


illustration, is dependent on his home training, his with engi- 

neers, if: any, ‘and the English used by his engineering instructors in regular 


class work. The importance that other students i in his environment attach to 
English i is determined i in a similar way. Instructors: are employed who were 
; graduated some years ago, but had their experience under engineers who il 
not exemplify good English. These instructors are sometimes deficient i 
their working knowledge of good expression, “either oral or written. This is is 
~ also true of instructors in other than engineering subjects. No discussion of - 
oes ngineering education is complete if it does not realize that the salaries paid — 
ei to engineering instructors are inadequate, and do not encourage a prospective © 
engineering ‘teacher to take a four- -year liberal | arts course and then a tech- 
‘ nical training in addition. More mature men are” needed as teachers of | 
= not only in teaching English, but as instructors in all subjects. 
_ Although habits of language have already become more or less fixed, they _ 
are more flexible during the freshman year than later. Better salaries would 
’ —_ it possible to employ men of broader training, larger culture, wider 
experience, who not ‘only would teach the student but would also exemplify 
good English and careful analysis, and unconsciously | deepen the student’s 


appreciation of other important factors i in his early education, 


Dean of Eng., The Pennsylvania State Coll, State 
Received d by the the Secretary, February 5, 1923. dow ot ti 
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Messrs. CLemens Herscuet, WituiAM G. Arwoop, H. Rovsszav, 
et , CHARL Les Rurus- Harte, F. E. Scumirt, he 
_Harscuet,t Pasr- Prusipenr, AM. “Soo. ©. E.—The ‘speaker Edis 
4 


"considered himself, in some respects, a little | out of tune with some re of fo 


is called ‘research ; and, therefore, the following ideas are stated diffi. 


dently, for consideration. always been guided in his work » by q 
Bak There is a distinction between research, merely for the sake of ‘research, fos 
and engineering research, ‘so much so, that the speaker fears ‘there has been the hes 
a misuse of the word, “research” . There is a difference between making ex- Zz — 
periments, ‘of a kind that may ‘be likened to amusing oneself, and an engineer’ = anply 
work in that line, which aims at a definite object. This may be illustrated by a 7 
the work of Pasteur, who was recently on the occasion of the 
100th anniversary of his birth. | ‘Pasteur was a man whose life work was 
removed from ‘engineering, and, , although called a scientist, and “essentially alread; 
living the life of a scientist, with his whole career devoted to science, he never p criteri 
-_ did a thing that had not a definite, ‘useful object for its aim. At one time, a object 
it was the cure of rabies; at another time, it was the ‘prevention a and cure of tained 
anthrax, in order to save the lives of sheep; or, , again, it was the removal of a eel 
pestilential parasite from the vineyards, of France, as well asa great many Wi 
other such kinds of work. For years, his aim toyed definite have I 
object, and one that was useful to mankind, di: a littl 
aight always seemed to the ‘speaker that every investigator, every Invest 
working in the so- called line ¢ of research, ‘should criticize himself or question — + mend: 
: himself, and in this 1 way endeavor to follow aims of the kind referred to. The © of the 
_ speaker does not propose to sit in judgment on the work of those 1 Ww ho are ati San ] 


as investigators ; he wants them to do it. themselves, to themselves, to feel that — 
Ww vhat they do is for the purpose of advancing the cause of mankind, not merely 


to find out ‘abion new and record it in a scientific ‘paper or in a book . 
‘That ‘kind of work was useful i in its time; but it has been multiplied ; it has 


a 


inereased to o such an extent, ‘and there is so much buried. in those books 
108¢ 

a in 1 the transactions of so-called learned societies that, if a man wants certain 

knowledge to-day, iti is just as easy, or easier, to go out in Nature and, by 


experiment, | seek, and thus get it, as it ; is to search for it in the libraries. a 


_ * This discussion (of the Technical Papers on Engineering Research | presented at = 
nnual Meeting, January 19, 1923, and published in March, 1923, Proceedings), is printed 
in Proceedings in order that the views expressed: may be brought before all members for 
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DISC USSION ON ENGINEERI RESEARCH 
JW hat the speaker has said tends | to distinguish t the work of engineers f from 
what is s mellifluously called research in ‘ “pure science” and is claimed as the a 
only original source of advance in the arts and sciences. He is. questioning ~ 
the validity of this claim. It may surprise many to be told (it is not t the — 
commonly accepted or popular creed, indeed te goes against it) that useful — 
inventions frequently, perhaps: generally, precede their scientific explanation, 
or r alleged foundation. t For instance, the speaker has doubts whether Marconi 
vireless telegraphy. It is is much more likely 
‘that ie with electrical ap apparatus, succeeded i in sending messages 
through the air, , and, later, had all this. explained and computed by a. con- 
sideration of Hertzian waves. It is certain that all the beneficent inv entions 
‘of Edison were made without a knowledge of “ pure science”. 
Th he engineers of America have had a great ‘opportunity for the advance. 
ment of engineer ing knowledge afforded them by the foresight and | generosity — 
‘of an eminent ‘member of their profession, when he created | Engineering a 
Foundation. Let it not disappoint the cherished hopes of the en rea 


the country. » by. a perversion of its funds, in doing work other than that of 


engineering. — T ‘he scientists of the country have had their particular work 


amply endowed. One of them, in n charge of a ‘endowment of 
had not ‘used for anything that had a useful end for its 
aim and object. Engineers: should | be prepared t to accept his challenge and are 
already stating that Engineering Foundation should have for its rule and 
criterion the opposite view, and should support nothing that has not some 
object that is intended to be useful to ‘hus will be main- 


er than to follow only 


Wi ILLIAM. Atwoon,* Au. Soc. C. E.—The various research projects 
have been outlined quite fully by Mr. Flinn,t but it may be possible to add 


a little information concerning the. work of the Committee on Marine P ‘ling = 


Investigations. This” Committee organized as a ‘result of the recom-_ 
mendations of the San Francisco Committee which was formed on account 7 


if 


| of the total destruction by marine borers of 1 many harbor structures in Upper 
San Francisco Bay during 1919 and 1920. The San Francisco Committee 

found that the field ‘of investigation could ‘not adequately be covered by a 


local committee and, to be successful, the work must be done on a National 7 

‘seale, The e problem was to devise means for Protecting wooden 


concrete in and ‘near "sea water. 
The m ‘most urgent 


borers, and this. was, therefore, the on one investigated. Te was found that 


| there was little knowledge of the distribution of the various “species of borers . 


or of their capacity for destruction. — In order to obtain accurate information. v 


“York , Committee on “Marine ‘Piling Investigations, Council, New 
T ty. 
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& along these lines test boards were placed and are being maintained by the . 
ore railroads, various Government bureaus, municipal bodies, and industries own-[ of the. 
. ing property on salt water. The first of the boards was placed in June, , 1922, | indicat 
and the Maat one only recently, and they have already yielded so much in-f plannin 
- formation that within a short time it will be possible to discontinue a num i 
real car 


ber of them. n. Many n new species s of borers have been discovered, some of them 
be deve 
P with great power of destruction, and some previously known species have been 


q t 
a found to have a capacity for living under conditions which had been thought bie ” 
; Good creosoting has long been recognized « as the best method of protecting Commi 


_ timber, but, in some localities, even well creosoted timber seems to have com- ‘dea th 

‘paratively short life. The S. Forest Products Laboratory and the Chemical ‘sente d 

Dep: -partment of the University of California are both making | chemical ‘studies The 


- , of creosote and methods of ‘impregnation, hoping thereby to enable the quality | Engine 
of the oil to be improved ‘and the impregnation to be made more thorough. Cisne 


The University of California is also experimenting with several metallic salts 


F are locked i in the wood by a process developed i in the laboratory. * 
The Assistant Secretary of the U.S. Department of Commerce, by recent BF service 


“4 designation of the President, has become a member of the Committee, and $60 00C 
arrangements have been made for a study, under the direction of the Chemical B yiccs y 
a3 _ Warfare Service, of an entirely new series sof poisons which 1 may y be injected The 
into the timber. - The Chemical Warfare Service will also endeavor to develop marine 
tall a method of poisoning the water somewhat in the same general manner that Ameri 
a, a gas barrage is placed on land. ” Tf this process can be ‘developed, i it will be lished 
i a possible to protect existing structures built of untreated timber when they 
are threatened by attack, and it may also make it economical to build structures 


who a1 


infor 


x er. of unprotected timber 1 in places where borers are known to exist. Some of the — 
‘ = methods for poisoning the water sugg gested will be practicable and inexpensive, § . 
if their efficiency is demonstrated by the-proposed tests. : The cost of this study, | with 
about $20 000 per year, will be paid by allocations from the funds of the various § °°! 
Bureaus owning and maintaining structures in sea water. 
The deterioration of concrete is as great a 1 source of loss to property 
owners as | the marine- -borer r damage t to wood—if not greater—and because the 


‘use of conerete is increasing, the prevention of the deterioration is becoming “n 

of greater and greater importance. | The records collected by the Committee less 

indicate that there are few concrete structures at salt water, which do not show itato 


deterioration in even less time. The causes “Poe this action are not known, towar 
but it appears that methods and materials: that will give good results i in fresh iden 
will not do so in salt water. 

4 seems probable that the use of unsuitable ageregates, too much or too 
little ghuging water, and improper mixing and handling, have been partly 
responsible for many failures, but careful study shows that chemical changes tk 
Fa: in the concrete are probably the principal causes of deterioration. These chem- ta ; 
nae ical changes may be greatly accelerated by the | use of unsuitable construction re 


"| methods or aggregates. Certain investigations ns of the Geophysical Laboratory 
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DISCUSSION ON “ENGINEERING RESEARCH» 


of the Carnegie Institution and o of the, U. S. Bureau of Standards seem to 
indicate the possibility improving the cement itself. The Committee 
planning a s series of ‘experiments based « on the information gained from exist- 
ing structures and | previous laboratory studies, with the hope of finding the apt 
real causes of failure. the causes are is the remedies should easily a 
ific 
obtainable, as it is the feeling ‘the that the solution of 
both must be based on pure science. “For that reason, ‘the membership of the 
“Committee includes chemists and biologists as well as engineers, with 
idea that only by the Co- operation of pure science and applied science, repre-_ 


fe 
sented by the engineers, a satisfactory solution can be found. oo yee 


isl _ The Committee has had the enthusiastic support of the American Railway 


Association and financial backing of the railroads. The 


and from the Department of ‘Commerce. ‘The work. thus far accomplished, 


has cost about $25 000 in cash and probably twice that amount in contributed © 
services. 1923, cash” expenditure be $50 to 


The first: preliminary report ‘of the Committee « covering only a ads of the 
marine- -borer phase of the study will appear in a forthcoming Bulletin of the ». 
American n Railway Engineering Association. — Further reports will be pub- 
lished as rapidly as the information developed will permit, s so that en: engineers — 
who are designing and building structures in salt water, may have the latest : 
information 
HL. Rousseau,* M. Am. Soc. E—The speaker is in entire sympathy 
with Mr. Atwood and Mr. Herschel on this ‘subject. From engineering research 
come progress ; and growth, and any means of furthering the ends of engineer — 


ing science by promoting engineering research should hold a high | place 


or limited resources, and facilities. . This is the age of 
ization and organization; it is very fitting, and accords with present-day = 


thought and | practice, that wm united and» co- operative effort should be directed 
toward increasing the production of new ideas and processes in the = 


of engineering, # and accelerating | the rate of development i in all lines of engi- 
neering seience—all for the betterment and advancement of the human race. v7 


he It is often claimed that military science and | the implements of warfare 
develop during war at a rate one hundred times faster than during peace. . oo 


not this « a striking example of what can be accomplished by intensive, co-opera- 
tive, Tesearch work under the urge of necessity who can say that man- 


Kind itself is not confronted to- day with a contest with Nature of urgency q 


te 


to an actual state “of outcome of which, ultimately, may 
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‘DISC ‘USSION (ON ENGINEERING RESEA ARCH 


possibly determine man’s very existence? Every day sees ad 


er. 


natural 1 resources, many of which ¢ can never be replenished, and most of the 
activities our every- life are ‘accompanied by “glaring wastes that might 


‘that should be many times greater. The necessity for 
tion nd « sompenay, by the human race as a a whole, and for the adaptation and 


use ‘of new methods and materials, is grow ing | ‘constantly greater. ~ Should not 
‘the problem of providing for t the > manifold 1 requirements of an ever- ‘increasing 


population with diminishing resources be a ‘spur as effective as a “state of 
actual warfare to a realization of the necessity of a permanent campaign for 


earry ing on intensive, organized, engineering resear ‘ch work in all its branches! 
And may not the results” of such a campaign, directed 1 by intelligent « effort, 
2 a and ‘availing itself of 100% of the united ability, energy, knowledge, and re- 


4 sources cof the ‘engineers of the country, be similarly a a hundred- fold greater 

bud progress that t could be made e by working as indi 


a even. much superior in ‘numbers and d equipment, could hope for -any- 


.4 thing like the measure of success that comes only through organization a and 


discipline. Nature is jealous of secrets, and organization and 
directed plan. of campaign are necessary to. attain n victory over ther, 

ste The Navy Departn 

the work» of Engineering Foundation in the attacks of 
—teredo on and timber, and detaining the best: methods of securing 


"water. Both these are of much interest, and any ‘solution thes 


problems will be of great value to the Government. 


Cusnte, * M. Am. Soo. O. E —Railroad engineers are inter- 


= 


ested in almost of en engineering research, and, as far a as the speaker's 
connection with the Committee on Research is concerned, he does not know | 
of any proposed resear rch work that As not needed by the Engineering Profes- 
: sion. Such researches are not being conducted for the “purpose ¢ of furnishing 
ee interesting study, but for the ultimate practical 1 use which can be made of 
‘the work, © The speaker, therefore, , does not t altogether understand the distine-_ 


tion between the two lines, that has been mentioned, and he cer cert tainly hopes 


that the opportunities: for this of w will increase. 


ES Rurus Harte,t M. ‘Boe. C. E- particularly those 


are in active work, are too apt to forget that pe are called the laws of 
- ea 

Nature are merely | statements of what has been observed under certain cir 

cumstances, and ‘though: such laws may state exactly what oceurs, _they exist 


because of the occurrence ; the oceurr ence does: not follow because ‘of the ‘exist- 4 
‘ence of ‘the s0- -ealled laws, and i in many ‘instances, owing to the fact that the 
‘observations have not covered all ‘the factors, the so- -called “laws” 


* Engr., Standards, The Pennsylvania System, Philadelphia, Pa. a ee 
Constr. Engr., The Connecticut Co., New Haven, Conn. A 
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>a pers, Papers.)  piscusstt ON ENGI 
P hay As. any line of investigation, whether it is . investigation in ae sense u 
3 in the laboratory 01 or is what is no less investigation, develops | the continue 
_ production of something, there are found at all stages oceur rences of various — 
_ kinds which often seem to have 1 no particular r relation, or certainly no ‘important 
elation, to the main work, but, as the development is -earried on, it almost 


invariably results| that new troubles or peculiarities are encountered, the 


q 
ld not explanation of which, in part or is found: in this apparently unim- 
es: Nothing illustrates this more clearly than the development of radio. | ‘The 
curiosity: of Thomas Edison compelled him to ask why there ‘should 
‘ches? occurred ‘such an apparently inconsequential thing as the blackening of. the 
effort tube of an incandescent lamp, not uniformly but Toeally; and it it was the 
effor 
investigation of which, to his mind, accustomed to see in everything 
ter an indication of an underlying» cause, resulted in the ‘development of ‘the 
in thermionic bulb and all that depends on if 
Engineers should rid themselves of any mistaken ‘idea that research is: 


merely the closet pastime of the “theoretical college professor”, using this” 
expression in the mistaken sense that is attached so often to the word “the- 
pee ' Research is ¢ “finding out”, and it is of the utmost importance to 


e working engineer that every assistance be given t to research work because, 
e study of difficulties it serves to find the answer, bend a 


to known facts itm serves to the field of both in 1 the 


E. M. AM. “Soc. Talbott and Mr. ‘Flinn 
seem to have covered the subject very fully. One little difficulty, however, | 
essence of research, as the 
is the ub something that we did not know before. 


On the other hand, engineering work is essentially | a matter of working with 


tools that we have and that we : consider satisfactory, and the common attitude . g 


know 
rofes- of the practicing engineer tows ard his work and his problems is that the means © 


shing at hand are ample—he is bound take that view, or he cannot shave’ 
fidence i in the results of his work. The beginning of research is doubt as to 
whether our available are ample. le. It It is difficult for engineers— 


‘spe aking primarily of civil engineers—to put themselves into that doubting 


f frame of mind, and the oe thinks: that we must charge to this phase of - 


‘ “the matter— —in part at leas —the dif " collecting the he problems: which 


those 


face every engineer in his work, and Py bringing them to a focus so that 


associated point may be worthy of mention: The kind o of research 


that Mr. Blackwell | has spoken ¢ of ‘particularly mass research—is, in a certain 


; . measure, applicable to civil engineering problems; but it has always seemed 


to the speaker that the majority of these problems relate to Matters 


that individually are easily investigated. All over the country we have many 7 


Associate Editor, Engineering News-Record, New York City, go 
+ Proceedings, Am. Soc. C. E., March, 1923, p. 512. >. “es = \ 
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a lack of funds. the « 
can do to Congress to to make > larger appropriations, ‘the | speaker does. pet 


_ DISCUSSION ON ENGINEERING RESEARCH ag [Papers. 


 laboratori es and many keen and enthusiastic men, they can be put 
into: contact with worth-while problems, will set to work to solve them. 
search, however, is discovery. cannot hire it, but must depend 


_ spontaneous activity; and so the problem of stimulating a spirit of research 


= ‘in this Society, and thereby galvanizing its membership into a desire to 


advance the scientific knowledge « of the Profession, | depends on enlisting 

= individual effort of members all over the country, on stimulating a wish 
- to join in the work of discovering new things and to put their ‘individual 
abilities and powers into the general service. that, again, it is necessary, 

an to determine the individual questions calling for research, and then to 


_ bring them to the born investigators, those who have the capacity and the ’ 
4 


facilities. In this direction little has yet been done; ‘and ‘much can be 
_ done unless the members generally appreciate the importance of this work and | 


> 


M. ‘Am. Soc. E- —Relative to the | 
; _by Mr. Burgess, on the work that has been done and i is being done by the U. S. 7 - 
Bureau of Standards, the speaker recently had occasion to witness some of that 


’ work, particularly the tests in ‘welding, and also the large number of tests on 
: "the duralumin columns used in the airship, Z R-1, now under construction by { 


» the U. 8S. Navy Department . The Bureau of Standards i is not sufficiently sup- 


_whiel 
4 ~ ported; it is —— by a a lack of clerical assistance, and its work i is limited by = " 
“25 


_ know, but the members should use every opportunity afforded them to educate _ 7 ra 

public opinion to the necessity of activities, particularly those which 

are so admirably conducted by the U.S. Bureau of Standards. = = 
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By ‘Messrs, W T. ‘Livia, EM Cuartes W. Leavitt, Freperio 
DELANO, N. Lowriz, M. . W. . WEIR, E A. FisHer, 


Harorp M. Lewis, ~Grorce P. Grorce A. Soper, 

T. Assoc. M. Am. Soo. (by letter). +— —That city 

- planning is one of the greatest of modern movements is demonstrated by the — 
fact that 50% of American cities of 100 000 people and more have city plans; 7 
that city planning has become increasingly interesting to the engineer is 
~ evidenced by the general trend of developments in the last three decades. 7 te, 

The fore- “runner of modern city planning in America was the planning of 
the grounds, buildings, and waterways of the Chicago Exposition of 1893, 
which was a revelation to all those in attendance. i. The work at Chicago was 
1 largely responsible f for the idea of “the city beautiful”; the the eri aa note v was 


World’s Fair a great it is also 
that city planning would have been developed without it, for other reasons and — 7 
by force of necessity. . The phenomenal growth of cities is well understood by 7 
members of the Profession. At the beginning of the Civil War only 11% of | 
population of the United States lived in cities, whereas at present nearly 
— 40% live in cities. T This growth would have been impossible without improved 4 
facilities, railroads, rapid transit, the automobile, and the ‘telephone; without | 
‘them, modern manufacturing would have been impossible. Growth and com- 
plexity of development demand a city plan; the many evils attendant on an _ 
growth demonstrate its need. The great civic awakening of the 


last few y years has disclosed m many needs and opportunities. Business demands 
city plan. Adequ ate transportation facilities: be. provided. _Con- = 


Hie flicting railroad interests must be harmonized for the business welfare of the 


community. Grade crossings 1 must be eliminated. Convenient and com- 7 
modious wharfage facilities must be provided, with and harbors of 
sufficient depth for shipping. Building | construction must be made to conform ; 


with modern hygienic requirements ¢ air, and congestion. 


driving, service ted 


Meeting, January 19, 1923, and published in Proceedings for March and April, 1923), is 
printed in Proceedings in order that the views expressed may be brought before all members — 


This discussion (of the on City Planning at the 
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SCUSSION ON CITY PLAN NIN 


— 


lines of resistance. Parks and playgrounds | must be established 


recreational and artistic requirements of the community. 
_ The year J 1909 is a memorable one in the history o of the development of city 


Se planning in the United States, because in that year the First National Cee 
ference on City Pp lanning was held. It is also memorable i in England by the — 


"passage re of the Town lanning Act. Since 1909, city planning | has advanced 


rapidly and. has established itself a well recognized and highly important 
art; and this, advancement has occurred notwithstanding the in- 


Many attempts have in recent years to define advancement. 
To make a composite of all such attempts: would be impossible, so different “a 


af conflicting have been the conceptions of the framers. This advancement has 


been due not only to the fact that the problem has. been studied from different. 
‘ _ standpointe—from of the landscape architect, the e economist, the sociolo- 


progress has bean made in in the art itself ‘through the making of 
concrete plans. In: view of the i increasing importance of the « engineering aspect 


of city planning, the writer would define it as the art of sy ystematically provid- 

ing for the physical growth of a city and its environs. More particularly, it 
vel) 

is concerned with the engineering problems of streets, public buildings, 


Se water and rail, and the regulation of the use, height, and © 


~ City planning will continue to recognize esthetic requirements, but tl le 


roblem become so great elements, such as the utilitarian, 


ordinating ability. "There many in city concerning whic 


engineer i is unable to with authority, such a as administra-_ 


three ‘phases—design, construction, and. is one of 


The practical divi isions of the subject of city planning have been presented 


by recognized authorities. Without attempting to discuss any one of these 
‘divisions at length, the wr vibe will mention a a few observations on each of them 


he and is assuming more and more an 
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emphasis has shifted, and the idea has grown by accretion. Modern city 
eros: planning can best be characterized as an art comprehensive. It is concerned | 
#5 us _ with interlocking interests which constitute a problem of the greatest intricacy, — 
| 
— 
= 
| 
thor 
— 
stan 
— with 
_ 7 _ ago. It now constitutes an integral part of the comprehensive city plan. As ally 
; | ——— the other factors in the problem, streets, railroads, and waterways, have a direct it i 
—— bearing on the park problem, so it, in turn, has a direct bearing on them. The  pury 


DISCUSSION. ON CITY PL: ANNING | 


their impossible. Fortunately, ‘much of. this has ‘been left, 
undeveloped. Other tracts have been improved, often great expense, 
converted into parks of formal or informal architecture, which : are the — 
of the municipalities which own them. time has come, however, when 
many of these parks must be rebuilt i in order that they ‘may become increas- 


ingly beneficial to the public; in order that. they may become useful in a a 


‘maximum degree to all the. population which they are intended to serve. It 
is obvious that hygienic, economic, and recreational desiderata will displace the — 


. Regional planning is another evidence of the expanding scope of civil | 
engineering. on city is Sufficient unto itself; it is veauges for its existence 


production and consumption is a new undertaking, but one which will attain — 


immense popularity. In regional planning the engineer will ‘evidently oceupy 


a prominent position, concerned as it is bound to be with considerations « of 
water, railway, and highway transportation. He also be called | on to 
solve problems of water ‘supply and sewage disposal as joint _ projects, to the 
great saving of each co co- -operating ‘municipality. 
7 a Zoning is closely related to the major street and boulevard plan as func- a 
tionally considered, and to ) the plan f for parks and playgrounds. It permits the _ | 
separation of different kinds of street traffic, and thus powerfully operates in 
the solution of the traffic problem. — The chief cause of street congestion is ‘the 7 
_ promiscuous intermingling of fast and slow vehicles. . This is largely reduced 
through the “operation of the zoning “system. As the streets. and arteries of 
travel are the principal ¢ concern, in city” planning, : zoning is very important. 
One of the chief objects of zoning is to stabilize real estate values, not only - 
in the residential section, but also i in the commercial and industrial sections. 
Regulative zoning is of such a nature as to offer the necessary facilities to 
business and manufacturing, ‘such as transportation, pavements, sewers, and 
power. A sound zoning should be constructive rather than destructive ; instead - : a 
‘merely. operating to drive out objectionable plants and ‘occupations, it 
rather in their establishment in improper locations; and 
thus, indirectly, offers the facilities already mentioned. . It is: evident | that a 


thorough understanding of the zoning problem necessarily requires an under- 


standing of the nature of and transportation, thus comes directly 


— “Assoc. M. Am. “Soc. ©. -During the “discussion of 


the se papers | the question of cost was brought up. City planning, 
ally done, does not. cost much, but if it costs it should be “justified. 


and resulted in little tangible. progress, ‘Their cost, ‘small, 


May” seem. to have been wasted, but is it not true, in commercial and other - 


_ ‘Private activities, that many plans and schemes are devised only to be dis-— 


Grade ‘Separation Engr., C. Detroit, Mich. | 
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carded? It is ‘sometimes worth a a great deal to know what not to » do. ‘The some ¢ 
final developments may include elements of many | of the discarded ‘plans. 


_ Engineers ah so that when they execute they may proceed in an wiely 


mid 


economic, rather than” in a haphazard, expensive, “anarchistic”, 


"manner. No one can doubt ‘that, ‘the population of the United States will 
continue to increase, 2, and will require many things that. do not now exist. 


such ¢ 
second 


In 


ai Regional planning and zoning are to provide that these things shall be in proper f — 
relation to each other. cost of such planning is small in comparison 
| = with the great losses caused by haphazard development. ‘The correction of bent tl 
= the mistakes of the past may a appear. to be costly, but peasy these can often be Beene 
. = shown to be worth far more than their cost. The beneficiaries, whoever they ee wa? 
be, should carry the burden. _ The usual assessment method, Or the excess bar 
condemnation method, will do 80, * honestly and efficiently carried out. 
> Whether o or not the things shown on the plans are required should be referred 2 
the beneficiaries for their may b 
people should say whether they want such things as thoroughfares, betwe 
parks, playgrounds, and public buildings specifically, ‘and, in general, a com- 
ng munity in which living will be worth what it costs, and not cost more than it § -— f 
is worth. Proper city planning cannot be. accused of dinthibididigaimians but, to ein Or 
proper er planning, rec an enlightened public opinion and “eternal vigilance.” ine 
CHARLES V W. Leavitt, M. M. oc. re ewist 1a8 featured th 
objects of the Committee on the ‘Plan. of New York and Its: Environs, of as 

which Committee Mr. Charles D. Norton is Chairman. Tt seems most fitting 

‘that Mr. Lewis should be. connected with this Committee because, for many 

"years, he has taken such a prominent part in the city ’s accomplishment along 
- these lines, and is known to have her best interests generously . at heart. It is emuee 
4 highly gratifying to know that he is going on with this work, using his intimate a 
_ knowledge of the ‘conditions which obtain here ; he will be able to guide the ‘em 
oe of this Committee to success in their greatly 3 needed undertaking. - pe 

Mr. Lewis states that the Sage Foundation, which is helping to finance fall. 
] Mr. N orton’ 8 Committee, was created largely, ‘if not wholly, for the improve- i “passe 
ment of social relationships and better living conditions among the people i in. cent ins 


New York City. It would seem as if this were indeed the whole object of "which 


presentation of these papers and discussions. | The ‘greatest difficulty in the 
+ work of engineers who have devoted years 1 to solving city planning problems i is . ~ 

that, in helping with the enormous undertakings of routine, they often lose } 
‘sight of the extremely important re principles which are the cause of | akin 
the work. They find. themselves so involved in the tremendous detail of the 
betterment of environment that they temporarily ignore. the primary “matter, 
which is the ‘simple fact ‘that actual living» in that environment must be 
Regional planning, ‘may be a new topic to some engineers who 

not been followir ing the more recent developments. Many cities in England 
a ave found it wise to endeavor to scatter population, rather than concentrate it oom 

me 


— 
— 
| 
&§ 
. 
| 
=. 
= 


at certain porenry The results of concentrated population in New York and in 


some other cities in the United States are now seen, and it is realized how much 
better it would be for the lives of the e people if | they were not subjected to 


: such conditions as exist, for instance, at the corner of Fifth Avenue and Forty- 


In planning these districts, or regions, the idea is t is to make them, as far as 


i possible, independent and self-contained, so that they may function in them-— 


: selves. and thus avoid much interurban traffic. This seems to be logical, and 


has s the | further advantage of giving the employee the opportunity of living 


somewhere > near his work, possibly walking to it. rather than traveling ina a 


crowded carrier. . Regional planning very happily might include the distribu- - 
_ of park areas between the various regions, so that children may get to the | 


parks without traversing extensive built- “up areas. Fla 


The questions of water ' supply, ‘sewage disposal, and other municipal services : 


‘may be carried on much as they are now, by laying 1 mains of the ; proper ‘sizes 7 
between the Tegions ; or it may be advantageous to provide ‘separate plants” 


- for each region. This is a matter to be determined for each individual case 


One of the greatest arguments: in favor of regional planning is that 
provides greater opportunity for character development than is found i in con- | 7 
centers; there is developed more ‘individual interest i in the neighborhood, 
ore pride in appearance, and a feeling y that the individual voice carries weight — 
pore can obtain results ; the individual ei citizen is not last in “the aumauiel 


as he is in the center of f large cities. 
pe the United States, ‘proper ty - values have been rising and falling in a way 7 

to make investments in realty speculative. Realty values on Broadway, below 

Fourteenth Street, New York City, have gone Up, then down, and to-day are 

adv vancing. " ‘The | same holds true of the Twenty- third Street District. ws 
; - present, great wealth i is being poured. into the Forty-second Street District. If f 
the: congestion which now threatens grows ‘materially worse, these values may 

- fall. It is similar to any other ‘speculation, in that, when a certain | point i is 
. passed, there is a danger zone, and the investor must look out. rm Such con ; 

centration of values ¢: can be | ameliorated, to some extent, by regional 
_ which ‘should appeal to the investor, even: if matters 3 of health, right living, | 


esthetic development do not arrest his attention. blot 
aed Mr. Fisher has spoken of the work of the New York State Association. of 
Real Estate Boards. Mr. Childs, who took active part in the wo ork of the Com- 
mittee on City Suburban Planning of that Association, helped greatly 
in the work done by that Committee last year, when : an ordinance was framed ‘. 
making it necessary for ¢ either residents or landowners of a community to file 
with their local government any and all plans for the development of property, 
t the of providing that arterial ways, -parkways, and | other public 
passages should not be stopped by private, arbitrary development, planned 


| without consideration of the good of ‘the whole community, whether such 


| a community be considered as village, city, county, State, or Nation. An ordi-— 


on means much for the future. It i is acknowledged that: 4 


Ts. 
he 
ns. 
rly § 
» 
- 
rill 
ist. 
per 
on 
of 
be 
4 
= 
red 
ad 
eS, 
th 
1t 
the 
ing 
my 
the 
nce 
ve- | 
the 
7 
the 
3 is 
ose 
>of 
the 
ter,’ 
| 
nd | = 
eit | 
« 
— 
% = = 


Papers. 


ma} 


of ‘childre 
is 


Arteri 
groper co 
Fone of tl 
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water way 
Btons),* a 


travel, particulary i in 1 these when competition makes it. necessary for 


the individual to. transport himself and his stock in trade from one e place to 
ordinance, which w: was in the form of a resolution when passed by 
— York State Association of Real Estate Boards, i is now being framed as a_ 


and, in course, will be presented the Asso iation to proper | legis- 


As horses have disappeared, to a great extent, with the exception of their Bother tra 
continued use on bridle paths, ete., some changes must be made in the Bautomobi 
of highways, parks, ete, to accommodate the motor- dri iven vehicles. which take | nections | 

their place. There should be no grade crossings where it is possible to avoid | properly 


hem. . The traveled way should be treated more or less as a railway, as the | . interurb: 


ee has been advanced to 10, 20 , and 30 miles an hour. — _ The occupants ¢ of | portation 
cars can observe only a small part of the Jandseape, and ‘the scale of park that. by \ V 


na 

treatment, lawns, planting, fountains, statues, and other features must be on : if  Realt 

4 ls arger and coarser ‘scale, or the w hole picture will appear as a blur, rather ne pleasant 


oS: as a reality ; the a areas taken for. dev elopment must be large, so that objects to % 


observed can be placed in proper perspective data to. 
‘must be remembered that the automobile has | ‘made it necessary for. of auton 
man to live his life at least four times faster than was customary Borougl 
before motor cars appeared. He dashes from place to place, ‘crowds four days’ Whethei 
, activity into ) one, and then w wonders why | ved feels tired and confused. . The and, on 
4 parkway cannot escape; it must be | put into ‘seale and viewed as as a sucell & mobile } 
a. It is not advocated herein that landscape design should suffer by the pro- | attentio 
driotion of plans i in n coarser detail, but the seule 3 is becoming ‘colossal, as may trols we 
. be observed almost anywhere throughout the country, because of the necessity for wro 
of being in harmony with ‘the wide and ever changing vistas viewed from permit 


eta n t 
quickly moving cars. For instance, some gate piers were designed on which, q Ih 


at close range, the sculptured ‘detail’ were charming ‘complete. To the they h 

_ pedestrian, passing by, the charm still remained, but, to the occupant. of “the” ground: 

automobile, going at the rate of even miles an it was and the rig 

to 

Street, 

rate of 25 or 30 miles an hour. day, he district 

— «to record what he had s seen , but. soon discovered that he had seen a great deal : which 
‘observed very little. Subsequent experiment proved that ‘satisfactory author’ 

- observation could be made at a speed not exceeding 15 miles an hour. If the kept di 
enjoyment: of design is to. be for automobile passengers traveling at “their later, | 
"present rate of speed, design will | have to be less intricate and more clearly agains 
defined than is now usual, or no enjoyment in it will be possible. it Se lil Mr 

_ Where adults and children wish to walk and play, automobile drives a1 are ‘Plan i 
“not now desirable. © Such drives should be fenced off and protected, like rail- a 

ways, if they must exist. should be made distinct from the parks, which | 


is 


are places o of re rest and relaxation, with playgrounds for ‘little. children. 
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= 
connections between cities. the automobile truck has into 


one of the chief methods of transportation of freight (the comparison is: 


water Ww ays, 250 000 000 tons; railroads, =) 600 000 000 1 tons; trucks, 1 400 000 000 ' 


ons),* has caused congestion and danger on the highwa ays, it may be well 


to ‘provide automobile truckways separate and distinct. from the ways s for 
other travel, exclude trucks from -parkways, and, far as possible, have e the 
automobile truckways rather than “pass s through—but with branch con- 
nections into- as and cities. Parkways, on the other hand, may — 
properly pass through the center of the town or city, and be made part of ‘the 
interurban traffic r route. e. Iti is remarkable to ‘note the growth | of freight trans- 


portation by | truck, and realize that to- it amounts times 


alty” values along motor ways have aye not 
places: of residence, although they desirable near- -by, for trans- 
portation purposes. It is doubtful if, at this s time, t there i is available sufficient 

| data t to warrant the formation of an opinion as to just what is the iensitieal, 7 
of automobile v ways. on adjoining g realty values. On the Concourse, through the 
| Borough of the Bronx, New York City, there has been a great deal of building. a 


aN 
|W hether or not residence there will be attractive permanently is a “question, — 


and, on the answer to this and similar questions, depends the future of _— 


attention to one fundamental remark by. Mr. con 
trols population”. . It certainly does. W hether that control is - for right or. 


for v w rong remains to be seen. Ny A zoning ; ordinance should be so booed as to. 7 


In the early years of the United States, the 
they had ‘plenty | of room “around the village green and they developed fine 


grounds » which enabled them to have | plenty of space where > they « could raise | 
the right kind of children | to populate the land. Whether « or not it is right 


4°38 


Street, New York City, and whether or not it is right ‘to restrict: 
districts. to a limited number of families per | acre, are very grave questions, 
which h only time will settle. is gratifying, however, to hear as fine an 
authority. as Mr. Knowles s state that the number « of people per acre should be. = 


mint down, : and that no ordinances should be passed which | cannot be regulated | 


‘A whether for or 
against ‘them. 


Mr. Knowles’ on the relationship, between, the engineer and the city 


plan is most interesting and to the point, but it does not bring out quite 7 


he _.* From address by Julius H. Barnes, Esq., , President of the Chamber of Commerce of i 
United States, Proceedings, Am. Soc. Cc. E , for March, 1923, p. 132,00 
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“ strongly enough the element which has been developed very 


in the engineer. Although: the engineer is necessary y for city planning, city 
planning has aon positively wonderful for the engineer; nothing ever has| 


brought out the human side of the engineer as has -present- -day city planning, 


The city engineer and the practising engineer have awakened to the responsi 


- _ political bodies, meet where other people do, and must have at heart the best § 
interests of of human relationship, in or order to make plans which will provide 


Properly for ‘Tight living. has been a perfectly splendid incentive to the 


engineer, and has” spurred him on to g give to the public, in the best possible 
way, the benefit of. his trained mind. Pade als 


eg It is suggested that a city engineer should have very close ac acquaintance, 
always, with the « city engineers in the towns nearest him; he should cultivate 
_ their acquaintance, know them, | be fond of them, and endeavor to bring about 
proper ¢ connections between his city and theirs, ‘thus making ‘possible the 
, Very recently the American Institute of Consulting Engineers succeeded J 
r in placing an engineer on the Board of Directors of the Chamber of Com- 
cs merce of the United States of America. The advice given by this « engineer 
during his membership on that Board has been appreciated greatly, and it is 


4 hoped that, on his impending retirement, ¢ another member of the Engineering 
Wary) 


- should do, and advise on important matters where his technical knowledge is 

‘Frepenic A. DELANO, ” ‘Eso— The notable fact brought out by the discussion 

4 city planning is the wide and general interest, which | obtains. Time was 

teat Profession, that of the military engineer. Now, however, it ‘interests | not only 

1e engineer but every man concerned in civic. development, not solely the 


4 when this subject was confined toa specialized branch of the ‘Engineering 
mis 
ee: and the Tandscape gardener, but the 2 sociologist; and now it appears 


be The writer’s interest was first directed to the problem in Chicago, wul | 


Me 


b been a subject of. continuing: interest ever since. ‘The Committee of the 
. Bet Sage Foundation, referred to by Mr. Lewis, is interested i in the subject 
in New York, but realizes the great difficulties to be overcome and does not 


believe that any one man or even a small group could be found to prepare @ a 


‘Plan for New York and its environs which would meet general acceptance. 
In an area of diversity. of conditions and interest, therefore, it would | 
‘seem wiser to bring together the consensus of views and co-ordinate them if 
In Chicago, of course, the 2 problem wes ‘i difficult, and Mr. Burnham, 7 
eason of his achievement with the World’s Fair of 1893, had the confidence 
of the community - to such a marked extent that he was readily accorded the 


a d, but even he saw w the of : the interest of a 


il 


7 


Profession - may take his place, carry on ‘there the work which an engineer | 
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bility of their standing in 1 the world; they find that they must appear | before 7°? 
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inning, group of half a "dozen to four ‘times that number. Finally, when ‘the 

sponsi Plan of Chicago was made ‘public and submitted | to the city authorities, after 

befos two years of zealous” work, it represented » the awakened interest of at least 

he best hundred of the leading business men the city. wi 

‘dee The next s step was to secure general co- ‘operation and ad adoption, and 
in the was | done by the | ‘selection and appointment b by the Mayor or of the city of a. 

ossible committee of some three hundred men representing e every ry ward and. section - 
fof the city. | ‘This committee, with such changes and additions as time has" Ss 
aa necessitated, is still, after 14 years, the guiding force behind the plan; but 


Stivete | even this strong committee could not have accomplished much unaided, and the ‘. 


about | ass 


most effective assistance was secured by interesting the school children. - This — 7 

le the was accomplished by the Preparation of at textbook on planning, which illus- 

trated the work being done in other cities and that contemplated in Chicago. 

This booklet, put into. the high school curriculum part of | course on 
civics, awakened wide interest, and this was stimulated by prizes" and com- 


lita The advantage of the plan. was that it not only. educated the coming voters, = 


late 


coving but through them did much to to arouse interest among tl their parents and fr friends. 

ee This experience serves to illustrate the importance of a wide dissemination — 


of knowledge in order to secure the co-operation of a large community. ea 


Qnartes N. LowRIE,* Esq.—Changes i in park design made necessary by 


automobile travel a are extensive and interesting. They relate principally to 
roadways, grading, and | plantations. Park playgrounds, which are neighbor- 

abhi hood conveniences, and small parks or squares, which are usually in the central 

sections of a city, do not affect a discussion of the problem ; but, as soon as 7 
larger areas a are considered, such as Central Park, Prospect Park, 4 
Park in Boston, or others of that type generally throughout the country, the } 


‘The basis of the change brought about by motoring is related sctiauisting + to ne 

the question of speed. Comparatively narrow roadways’ and park driveways 
were us used with | horse-drawn vehicles. Grades ¢ could be fairly steep, if neces- a 
sary, and there could be 1 reasonably sharp turns and curves. Narrow park-— 


ways, steep grades, and sharp « curves, are equally ‘difficult for motorist and 
pedestrian. _ In future parks” of moderate size, ‘it would seem desirable to 


minimize motor - driveways as much as possible, and i in some to transfer auto- oe 


The questions of grades and especially curves, and the danger to pedestrians 
are obvious, and call for general reduction. | If grades : are steep, , the noise is 
Prejudicial to the quiet ‘and reasonable peace of a a park. If heavier cuts” and 
‘fills are necessary in order to obtain better grades and curves, a disarrange- 


“ment of natural conditions i is produced, hence care should be nent to select as 
secluded a a as other co1 conditions — intersections should be 
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ey efit As to new plantations, , there i is again the question of speed as a governing 


factor. horse-drawn vehicles one had sufficient time to observe landscap 


the scenery, as. far a as s possible, on very broad lines, including the 


planting. % - The beauty of intimate detail is lost to the motoring public. . 


fewer motor driveways are e placed the parks, 1 more parking places 
should be provided at the entrances, or, if in the parks, at points where large 


are likely to assemble, a wat terfront feature, near a a music} 


nail The speaker believes that the use of automobiles will do 1 much toward link. 
- ing isolated park areas into park systems by utilizing boulevards and parkways, 
with: the parks abutting as much as possible and i in some cases being elongated J 
‘into ¢ a combination of parkway ‘and park. By that p: process, the people who live 


in the immediate vicinity as well as the motoring public will have enjoy: 


‘ment of such parkways. Parkways are usually i in th the form of a circuit sy stem, 


_M W. Wer,* M. Am. Soc. C. E— —Papers | on City Planning and Regional 
Planning nearly always lay particular stress on the neglect of communities 
plan ahead so that their physical. growth may ‘be controlled and orderly. 


‘It is the speaker’ 2 belief ‘that education in this subject should be | given to 
the 1 masses in such a a way as to teach them clearly the penalties to | be expected 
if neglect of advance planning: is continued | persistently, and to. show how 
vitally business interests and tax rates are affected thereby, y 
Although experience is an- able teacher, her fees are high. Especi sally 
is this true when her repeated lessons are allowed t to pass unnoticed by the | 
community at large and are realized only by a few public-spirited citizens | 
- ade _ New York City has passed thro wit « a number of experiences which 1 proper 
ae : advance planning would have made easier, at least, if not eliminated entirely. 
Although New York City has made plans for her future, she even now is. 
% eaees with new problems which, in a way, are an outgrowth of the 
_ very plans already made, because those plans did not go into the possibilities 
of the future with sufficient detail, particularly in regard to transit facilities 
3 : & At the moment, additional lines of transportation into centers of business 
: activity in New York City without doubt will relieve congestion of transit 
ding to ont centers, but, at the same ‘time, ‘it cannot but | increase the 
congested ‘condition of the streets in those centers. It is obvious that the 
- increasing of street areas” to ) any appreciable extent i is out of the question, 
because of prohibitive expense and the consequent loss of area for building 
use. Such increase, if carried far enough, naturally would cause total 
failure. of purpose. bi Although New York City furnishes a good example 
of conditions resulting from } years of previously ; unrestricted growth, many 


other cities manifestly are like no small magnitude, 
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of the lesson at hand. It has said that it is advisable and necessary to 
q 


through street traffic away from business centers. This attitude, 


though correct under ideal conditions, i is in some respects open to ob 


- from the viewpoint of practicality. When the history of retail business is. 


examined, it will be found that ellen, in ‘search for ‘success, has found ~ 
satisfactory location on arteries of heavy traffic, in fact, it is now the practice _ 


of. certain chain of retail stores to determine their on the basis 


of the traffic passing the places under discussion al 

example of some value illustrating this point occurred not long 

ago at Port Chester, N. Ry where Boston Post -Road—a through road 
pit heavy and diversified ‘traffie—becomes th the e main thoroughfare « of the busi- 


ness district of the e town. Because of temporary necessities of construction, 


for a time the through traffic was diverted to another street one block north, 7 

_ Almost immediately merchants on the Boston Post Road complained of loss ~ 
a of business and, as time passed and the idea of making the diversion permanent — 
was suggested , they protested bitterly, stating that as much as 40% of their 
business in s some lines was transient and derived from from the through traffic on 

Toi illustrate further the between successful “business” enterprise 

and traffic: ‘There are points where transportation facilities draw large 


aid of people, s such as the Summit ‘Avenue Station « of the Hudson — . 
sen several points in the Bronx at or near transit stations. few years = 
these | “points were residential o only, but. “now, ‘since transportation facilities 
have increased the street traffic, important business districts — have grown up | 
and become ambitious to gain greater importance. br ‘Communities, as well” 
7 as individuals, have ambitions, they have the need and desire to > expand, to 
gain in proportions and importance. This is but natural and healthy, obviously 
it is folly to attempt to atrophy such growth or to throttle such ambition. Cah. 


City ‘Planning a and Regional Planning, to be efficacious and successful, _ 


must show proper regard for ‘the principles of f political economy, which, of 
a into the problem, and for the natural desires: and ambitions 


of the people comprising the community affected. 


. A. Fisuer,* M. Am. Soc. C. E—The City Planni ing Bureau of Rochester, = a 
NY. , has now been in operation for shout 44 years. , The le city has no City a 


Planning Commission, as many other cities have. ‘Tits city planning is done 
a Bureau in the Department of Engineering. One great advantage of this 
is that this Department i is utilized i in making the necessary surveys and maps, 
3 and it also puts the ‘Department ine close touch with what the Bureau i is doing. ‘= 
Bureau is ‘composed of two parts, a Superintendent. of City Planning, 
Advisory Board composed of four citizens and the Corporation 
- Counsel. There are no commissions in Rochester ; all operations | are under 
single- headed department plant; thus the Superintendent ‘takes the place 


Cons. Engr. and Supt. City Planning Bureau, Rochester, N. 
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nal ‘The city has been able to rm secure the 6 services 0 of some of the most prominent 
wa public-s -spirited citizens, those havi ing knowledge of the needs of the ° city, 
as members of this Board. A former Mayor was Chairman for 4 y years. The 


action of tl the Superintendent is presented to this Board, and, when | approved, Z 


is final. . Members of the ‘Art Commission are serving as members of of 


As the duties of the Superintendent, as far as 3 they a are related to the laying _ 


rm out of streets and matters of that kind, are similar to those of a commissioner, 


— 


ill With reference to zoning, the code provides or nly for zoning for ‘ “use oo 


e experience in Rochester in relation to zoning was | altogether different 
from that of Detroit. 4 Public hearings were started in order > to educate the 
= as had been done i in other places, but this did not meet with success, : 


civic organizations, and the general consensus of opinion was that the z zoning 


‘should be _ carried on, and should have been done years ars before. It was ¢ con 
lal therefore, to adopt zoning regulations. It was not necessary to have : 
ordinance, as is required under the General Planning Act. vit The 
‘Superintendent n made up the regulations for ¢ “ase” zoning, , presented them to 
the Advisory ry Board, and ¢ on September 22, 1919, they were , adopted, put in 
and have done a a great deal of good. Since» the zoning was put 
into effect, quite a number of people have found out what it means. . 

a The § Superintendent h has stated publicly, : as his belief, that any system of 


sf zoning that cannot: be changed without too much | trouble i is worse tl than 1 none. 


__ There has been no o general change i in the zoning plan, but numerous small 


q changes. It is necessary also to make exceptions. It was found in New “a 


‘ “create | some e board that could vary , from the strict regulations of the : zoning 


ordinance, and the Board of Standards and . Appeals v was permitted or author- 
a ‘ized to 0 allow special variations. 


t the 
Board had the authority and act as euch | a Board. 


The speaker has noticed in the newspapers a decision relating to an except = 


tion made by ‘the New York Board of Standards and Appeals. That is of | 


much interest, because ry same thing is done in Rochester, and, if the city 
did not have authority to. do it, it t would result i ina great deal of harm. Bean’ {. 

city authorities also believe in the ‘employment of experts who have 

in other cities, and do do not. believe in turning over the pln 


to experts to make v up a plan and carry it out, as that belongs to the city 
itself. . The city has employed quite a number of experts, eminent in ‘special 


As the Cussinen Council considered the height and area of buildings as 4 

part of the Building Code, an amendment to the charter was secured cue 


provided that might enac t an ovdimanee governing 
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DISCUSSION | ON CITY PLANNING 
wi T The plan was prepared by the S Superintendent of "City Planning, and a first : 
ordinance has been adopted and i is now before the Council. The Act contained 


a special | that no ordinance: could be passed without the 2 aj pproval, of 3 


a This « covers in a general way what is on im: im Rochester. The ordi- 
nance has been in operation about 43 years, and there have been no cases in the ~ 
Cour ts. There been considerable , but the general 
feeling i in 1 the ing out this plan. 


M. Am. Soc. C. E- —With reference to papers 
discussion, the speaker like to add a a few historical remarks, 


Commission, i in n Chicago, tm. “While i in that city he joined the Chicago iieweny 
Club, and was asked to read a | paper before it. or Not wishing to ) present a purely 
engineering | subject, and having made some recent studies regarding 1 the nat- 
development of cities, he selected a ‘subject which he thought might be 
‘of some interest to the citizens of a large and modern city, “especially one of | 
The theory of crotution in general, particularly with reference to 
conditions, had always s interested and among others the natural 
~ growth of centers of population seemed to follow laws, the recognition of which : 
could be > helpful i in understanding and furthering development. 7 He had col- et 


‘tected, ‘where available, the plans of old cities in Europe and Asia at an 


= 


_ stages of their growth. | A set of plans of Paris from the Middle , Ages to mod- 
ern times was particularly interesting, and was given later to the Library of 
the University of Pennsylvania, where it presumably now is. 
Literature’ on this subject had also been collected, partly” from England, 
7 _ where: the so- called “Garden Cities” had been « developed more than a nae 
4 ion | before. 7 he best book on this subject was found to be one compiled, per- 7 


haps 40 years a ago, by the City Engineer of Cologne, Mr. Stiibben, who was 
Tater transferred to Berlin, and became responsible for r some of the extensions — 


All this helped the speaker to trace what seemed to be laws which 


thea natural needs of cities indicated, and which appeared, at first automatically 


then through engineers, to ba utilized with benefit: and the 


igi Much of the matter referred to in nite a papers was recognized | or indicated 
5 in E curope a generation ago. Stiibben speaks of the regional development 
= of zoning with the differentiation of occupations. The speaker referred 


also to the natural x zoning ‘that had automatically developed in New 
because it was to busines, and pointed out the centers for q 


time, M. Am. Soe. C. E., in 1 the. ‘Seventies, pointed out, 
the the Engineers’ Club of Philadelphia, advantages ‘of street Tayouts with 
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CUSSION ON CITY PLANNING 


erence to economy of travel, advocating diagonal ‘avenues to connect the 


various of business and with to: of time, 


city like. Chicago, ‘at a time when such ph might have 


of great economic value. OF those present, only “one gentleman, | Mr. Burn- 


the mention o of whose name by Mr. Delano’ called forth these remarks” 


by the speaker, made a few comments. In 1 effect, he said: + “That is all very 


well, but is beyond the “appreciation present city officials and proper ty 
owners. ek As architect of the World’s Fair buildings and grounds in Chicago 


4 in 1893, Mr. Burnham himself showed in his magnificent designs and sugges- 


_ tions that he was: already alive to the new movement in Europe, and s since 
7 - that ti time it has been quite naturally ; accepted als also in the United States, and 
pursued by a number of able American engineers, s, and, the speaker hopes, with 


Suffol 
Weste 


Part 
great advantage: to the future of the. cities | of this s country. q = 
‘Harowp M. Eewis IS, * M. AM. Soo. ©. om E —In “Regional Total 


a lanning”, + Mr. ‘Nelson r. Lewi is has referred to the desirability of establishing 


a system of zones, or rings, of open spaces, which might help to prevent the | 
enormous increase of congestion in metropolitan areas. spaces would "sway, 
"3 necessarily bear a vital relation to the park and boulevard system, and one can “recer 
readily imagine the whole area still further divided into sectors by a system of park 
‘radiating | boulevards. Two illustrations of theory may | be 
ON ew Jersey ‘has recently received a a wonderful opportunity for establishing ‘the 
might be called a part of the framework of such a system. Agreements” 
were recently completed whereby the Morris Canal, which was chartered temy 
for 99 years, be acquired by the State of New Jersey which will» 
thereby come into possession of a strip of territory about 90 miles long and = 
averaging about 79 ft. in width. It illustrates the possibility that such a strip of ‘i 
would have in breaking up the congested areas through which it passes, and there 
eee congestion that will undoubtedly red along those parts of it which are - 


now on the edges of the metropolis. At the same + time, it t portrays the : 


made f for different uses of this land by the municipalities along its route 


- for their own local projects, but it would be a shame if it could not be developed | 
~~ in some manner so as to give the advantages of its use to all the public in that 
part of New J ersey, as well as in the other parts of the metropolitan area of 


y bei? The second illustration has developed from a study of the facilities for 
recreation which has" become increasingly important in the last few years as 


the stress and strain of. modern business has increased. Table 2, compiled by 
the Physical ‘Survey of the Plan of New ‘York, is submitted 3 in order to show 


= relation, or perhaps wrens eer between those areas in the suburbs of 
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"DISCUSSION ON CITY PLANNING 


as the areas of golf clubs within the district. 


The figures have been computed for the public parks and the golf and country 
; clubs i in Ne assau, Suffolk, and Westchester Counties i in New York State, and 
also that part of Fairfield County, Connecticut, which ‘might ‘be included 


in New York and its: environs. ; 


| Golfand Golt and | country 
Public | Country Public ‘country | clubs. areas, 


g2 842 000 
4 


‘Nassau County, N. Y. 
Suffolk County, N. Y.. 0. 
Partof FairfieldCounty,Conn. 74. ie 


om figures es Ww estchester County, the River Park. 
"way, which is under the control of a ‘State-appointed Commission, and the 
recently acquired Mohansic Park, W estchester would have only 288 acres of 


= and its ratio of club areas 8 to _ areas becomes 18 and the total ratio 


n area are considered in Table 2. | — 
- The speaker believes these figures show, in a striking way, two things: 

‘the lack of park provision in these parts of the Metropolitan Area and the great 
demand for recreation facilities. These ‘club areas are now important 
temporary open spaces, and the suggestion is not a new one that they ymight _ 

7 readily be made permanent if some public authority, or commission, would 


_ acquire: these parcels and then rent them back to the clubs for such a number _ 


of years as would correspond to the period that they would naturally stay — 


there in any case. All these clubs are more or less temporary in character, and — 
_ tend to move omen out from the city | as congestion develops and the value of 


only in the New York metropolitan area, but wherever there is danger © 


hy 


but, having 
te plans for improving ‘the outlying Metropolitan District, is going to 


The natural answer 


nf The rent payer. looks at. “improvements. this 
cost money. Result: increased taxes. Final wee: increased rents. 
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ON CITY PLANNING 
In cities the first class, the rent payer has some ‘the 


landlord, due to the emergency y laws. governing rentals. These 
laws” do not apply to villages adjoining the cities of the first class, and as 


a result rents have been raised to such an extent in the vill ages of the Met 


politan Area, that people of modest 1 means are becoming desperate. 


‘Under the school laws, rent payers as V well | as property owners can vote 


on a proposition to ‘Taise § school funds through a bond i issue, and, in ; in numerous 
instances, appropriations for increased school facilities have been defeated 


_ by the vote of the rent payer, who has been willing that his children should 
go on part: time or be herded together 1 a an unsanitary manner rather ho 


3 Mr. Lewis has mentioned the fact that i in the aii District there | 
a are nearly 400 different municipalities. R Regional planning in the Metro- 


| politan District covering 1 these numerous 1s municipalities would undoubtedly 


meet with violent opposition from the rent payer when the time ec: ame to vote 
the money to carry out such needed improvements. These are hard, cold, 


disagreeable facts, , and they must be faced. = 
Before additional funds can be voted for parks, s, sewer systems, ns, Drow 


splendid public “buildings, all those public things that add so 
: ery to the value of the community, it will be necessary to satisfy the rent 


= that all these needed improvements : are not g ‘going - to be loaded on him, 
together with a handsome profit for his landlord. 


A A. Soper,* M. Am. Soc. C. E. ‘The speaker would like to have 


4 one of those who have : spoken for the Sage ‘Committee on The New York 
Plan explain just what is meant by the use the word “plan”? Some 
. who have heard of the New York Plan seem to think that a scheme of physical 


a "development i is : contemplated, such a as might be represented on a map or series 
of maps. Some think that: the word “plan” is used to mean a scheme of 
_ development together with a statement of policies and procedures w which should 
be followed in order to carry the physical plan into effect. 
‘The speaker is sure that all are much impressed by the thoroughness - ~ 
q _ which the fundamental data necessary to comprehensive planning in ‘the 
7 _ Metropolitan territory are being collected, but some do not quite understand 


tangible form the Committee’s conclusions to take. hoped 
that it is not premature for the Committee to explain this matter. 


SIs the plan to be announced as a definite and complete thing at some future 

time, or is it to be a continuing project, , which will be revised, extended, and — 
developed for an indefinite period in the future, ‘announcement of “certain 

features bein ‘made occasionalll as seems suitable? 
There are many in the Metropolitan District v -who- would like’ to 


enlightened on these ‘two questions, if it ‘not inconsistent with the policy 


of the’ Committee to make its purpose | clear with respect thereto. 


Netson P. Lewi s,* M. Am. Soo. C. E.— —Mr. Soper has weather Ww what 


has been called the “Plan of New York and Its Environs” is to be a concrete 
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revised. and continued for a an oe a ion, “This j is a a difficult question to 


‘answer, as the speaker can make no ‘statement concerning the policy of the 
Committee, and his active connection, as already explained, has been confined 


almost ¢ entirely to what has been | described ai as ‘the Physical Survey. To the 


_—= time, this has consisted | chiefly « of an inventory, or an attempt to 


visualize the problem. To this end, many maps and charts have been pre- 
pared, which can b be seen at 130 East 22d St., New Y York City, and will ‘be 
gladly explained | to to any who are ‘sufficiently interested to call there. ‘Although | 


plans for a town, or a region, are sometimes referred to as s complete o or finished, 
_ there is no such thing. Conditions are changing constantly, and such cal 
can never be c complete or final. . T They w will | be to a large extent suggestive only, — 


and this is necessarily the case where hundreds of political units, in three 
States, are involved. There are many special lines of investigation which 
might be taken up and translated into definite plans: by the of officials of a 


particular city or town, but 1 which, in 2 the study now under way, ¢ can only 


sug as wor of careful consi 


in this. direction were pointed ‘out. Bach. planning must be a 


continuous performance. . No group or combination | of municipal, eounty, or 


Sate, governments, } however harmoniously they m might work together, could 


_ produce a complete and final regional plan. / An unofficial g group of citizens may 
be to indicate to the local officials how the plans for adjoining political > 
nave 
Tork 1 plan. Tf ‘this is s done tactfully, and the suggestions a are re found to 


ome possess real merit, the work of the « existing committee . will have been n justified. 


Harotp A. Caparn,* Esa. —T he general problem of city planning resolves 
itself into one of transportation of man and his” commerce. Even zoning} 


isa part of this problem, because one of its purposes is to regulate transporta- 


p-- In New York City, the question of city planning at present seems to be one - 


of building additional subways, so that it it may be possible for more people to— 

: travel farther and farther from their homes to their business and back every ‘7 

This- “kind of program, however, cannot go on indefinitely. It merely 

results. in making the city larger, more unwieldly, and m more difficult in 
live and do business. Yet, like other large’ cities, New York takes 

a pride i in her size, as ‘Mr. Lewis had pointed out, which seems to the speaker — _ 

‘somewhat. like’ a man 54 ft. high taking pride in weighing 600 pounds. 

| The solution should lie, not in multiplying transportation, but in making 
‘it ‘it unnecessary, in studying how subways can be dispensed with, 

“most might be able to live within walking distance of their 
‘The speaker does not know how this could be done, but thinks that every 
planner should work with this idea i in mind. aut 


_ Another subject that should be discussed is the condition of the city parks. 
are a important. part of the city plan, but would fail in many of 


* Landscape Archt., New York City. 
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DISCUSSION | ON CITY PLANN 


their best functions if they were not maintained properly. “Many o} of ‘the ks 
: = New York City are in unsatisfactory condition, and people are wondering 


why. The fault is not with the Commissioners, or the Mayor who appoints 
them, but in the method of administration, as this ‘differs’ from that of any 


a park system. with which the speaker i is acquainted. - Five Commissioners 


(so-called) are appointed by the Mayor every four ‘years. They are mostly 
- inexperienced in park affairs, and by the time they hi have acquired some educa- 
= the public expense, they are dropped ; Lone , usually, five new and 


_ inexperienced men are ‘the incoming administration, and the 


management, it is that of the Park y years are to. 
Beco and develop a park, and, in New York City it would probably 1 take many 


best of the varied and. changing and "The 


“parks should be administered | by men trained in park affairs and secure in 
_ office as long as they make good. ‘This principle should prevail throughout 
= the whole organization. “Hiring and firing” ’ should depend on . merit only, not | 
political pull. In fact, the parks should be removed from politics and, 
“operated like any , other large business concern. ‘Yet a continuity of policy i is” 
made practically impossible by the vicious provisions of the city charter which 
The New York Chapter of the American Society. of Landscape Architects 
al drawn up a plan for the reform of the Park Department which | its members | 
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ME NOTES ON THE LOCATION AND CONSTRU STRUCTION 
AND MOVABLE DAMS ON THE OHIO 
RIVER, WITH PARTICULAR REF ERE NCE 


pay 10 OHIO RIVER 


M. Hatt, M. Am. Soc. C. Et 


M. Haut M. Am. Soc. E. (by letter). T. 


_ seems to think that an erroneous inference | may be drawn from the paper, to 
‘ie effect that his distinguished father not only recommended movable dams, 
but. recommended the particular types of movable dams finally adopted. Such 
was not intended. be more “exact, on) page 57 of the report 

mos 1870 by the late W. Milnor Roberts, Past-President, Am. Soc. C. E., refer-— : 

ence is made to al “plan of movable hydraulic gates for chutes designed by 
= -Brunot”, por’ there are other references to movable dams in that report. 
4 On page 132 a definite ssreemanennienin as to the character of the improvement 


“from Pittsburgh down: slack water navigation would appear to 


be the most desirable, but for the: reasons which are given in my study of the - 
plan of locks and dams, I think that none but low dams with chutes — 


be! The writer believes it he be ‘heii that he fully intended that the chutes 
Rinapeae: be closed with some type of movable : Seni. _ As narrated by Mr. 


Roberts, for 30 or more prior | to that report and Tecommendation, 


and their respective advantages. The. definite r recom-_ 
-mendation by wW. ‘Milnor Roberts is the earliest known to the writer for the 
design of dams with a movable part for the purpose of of reducing the height 
of the fixed part. At about that time, Addison M. Scott, Am. Sec. C. E., 
under direction of the late W. P. Craighill, Past-President, Am. Soe. C. 
was commencing the improvement of the Great Kanawha Rives . He visited 7 
Europe, inspected the movable dams of France and Belgium, recommended 
the use of the Chanoine wicket for the dams of the Great Kanawha improve- — 
a ment, which were adopted by Maj. Craighill and the War Department, and — 
their construction i in the early ‘Seventies. A few y years 


Discussion of the paper by William M. ‘Hall, M. Am. “Soe. E., continued 


3 22. 
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YQ "DISCUSSION : ‘LOCKS: MOVABLE DAMS ON OHIO RIVER 
ee, Iti is - believed that the first Chanoine wickets built and placed by the | aa 
-increa 


United States Government were on these works. With that beginning, as ; 
stated by Col. Harts,* Division Engineer, Central Division (including 
entire: riv er), much work and study have been required to plan ‘the project, think: 
with all its mass of details as i it is now formulated. The writer has read 1 many i ‘ 

of the engineering reports on. the river, made during the past 70 years, and 2 Fg: 
fully concurs with Col. Harts in regard to the character of the improvement, mai 


that of construction proposed, have in Distri 


Hend 
in trae, xfer to package by the public carrier, t ‘the “ 


tha 
or “packet line”, the upper where the channel and other condi-- 


page J 


( 


sion, i 
already” progressing under commercial conditions, except for the 
and p 


traffic from barge line to railroad, which i is usually believed to 


by peivately, owned barges and boats should as the improvement 

- ee down stream, and it appears to be doing so. The statement by Mr. 


mills 


CxS 
of coal. important thought h the writer w ‘to “convey, ‘those 


not. fauiier with the Ohio River improvement, is that it is converting a river “Alth 
ov 
with a past navigation of intermittent character and frequent annual or 


monthly suspensions to one which is continuous, reliable, and of sutlic vient 
these 
+0 capacity to admit of any probable g growth or expansion which may be desired 1 jee 


in in case of war, railroad strikes, or the Suspension of railroad growth, or 
int 

case of other local or National calamity. W ith this improvement completed 
annua 

and properly maintained, it will be only : a question of providing the requisite 

Tate 
boats and barges + and manning them and possibly of of building a second lock ee 
ie me 

in 25 to 50 years. It is is believed that it is the part of wisdom for communities, 

rey as muc 
States, and the Government to provide reserve resources in transportation, th Ol 


especially when it can be done at such a small first cost, and by a method ie 
1G which involves a minimum of cost for operation and maintenance. _ AU high- for tl 
1€ 


tonnag 


of equal extent, permitting equally quick expansion i tonnage: by 
automobile, or any kind of railway, held i in continual readiness for use, will cost 
in an annual upkeep probably ten times that of the Ohio River locks, dams, and 
- channel. "Although the United States has a wonderful railway system, one of 


valley, 
than ar 
double- 
would 
To 
Teferre 


for such ¢ an “emergency, hence the great importance of providing the 

reserve in transportation afforded by the Ohio River. ba Tans 

The description | of the industrial in the Ohio Valley, together 
with the economies ot the project by Col . Harts, is a valuable addition to the 


-yeference thereto on pages 7 and 8. The opinions relating to river traffic 


Proceedings, Am. Soc. C. E., April, 1922, p. 1007. 


Soc. C. E., January, om: 


3 
§ 
However, as it is believed to include only coal in barges loaded to capacity, 
eee. _ it would hardly be wise to use it as basic data for estimating the capacity of | 
a 
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tion, 
h igh- 


by 
cost 


. thinks ‘the main cause e for ‘the failure, however, is stated in the paragraphs, 
_ near the middle of page 8.* The interesting discussion of the subject by Maj. 


Papers.] DISCUSSION : ‘LOCKS AND MOVABLE DAMS ON OHIO RIVER 


‘somewhat divergent, and conclusive reasons: for a failure to have a great 
 inerease already i in the package traffic are so ‘difficult to determine definitely, 
that it would hardly be adv. isable for the | Ww riter to devil 4 on them a here, but he 


we 


Elliott with a statement of f the traffic. to June’30, 1921, and the economics 0 of 


the project, is elucidating, and may satisfy the suggestion by Col. Harts 01 on 
page 1007 z. As the annual traffic through some of the locks in the Pittsbu rgh 
‘District “has exceeded 25 000 000 tons, it appears reasonable to expect that, 
by the time the project. is completed to Dam No. 48, below Evansville and = 
‘Henderson, the average annual commerce for the Ohio River will be not less a 
than 12 000 000 ) tons, with an | average ‘movement of at least 200 miles, or a 
2 400 000 ‘ton-miles. Notwithstanding Maj. Elliott’s interesting discus- 
“sion, it appears that, after the effects of the swollen _after-war rates of interest 7 


and prices are past, the annual interest on first cost, plus the cost of operation, 


e, and: maintenance may be expected to be about $6 | 000 000. These estimates 


make the annual fixed charges pi per ton-mile for the entire commerce about 25 
mills, An examination | of “Poor's Manual” does not disclose corresponding» 
"figures of average cost phi r ton-mile for railway track ‘maintenance plus the 


interest on first: cost of the completed permanent however, the average 
_Tevenue per ton- mile for all the railways 0: of the United States 1 is given as 7.4 — 
. mills for 1920 , 6. 46 mills or 1919, 5.99 mills for 1918, , 4.56 ‘mills for 1917, 
64.06 mills for 1916 (the y year of low prices before the war), as compared willy 


mills, for the ‘years, 1918 to 1920, of s swollen prices due to the war. 


- Although t the writer has not obtained the corresponding statistics for 1921 and» 


1922, it is known, that the railw: ay revenues have contint ued to: rise, and when — 


these statistics are completed, the average revenue for” these two years will | 
pr obably be nearly 1 ‘cent ‘per: ton-mile. As it is ed ‘that the av average 


interest and dividend rate on railro ad bonds and stocks does not pie 5%, 


annually and i is probably nearer 4} to 44%, it i becomes evident that the railway 


rate for interest on first cost, which is believed to be about 2 mills, | , added to. P 


“the maintenance, must be 24 “mills and probably considerably more, that is, 
as much as for the tonnage ¢ of the average railway of the United States as for. 


the Ohio River, 0 or more. . As many of the railw: ays: in the Ohio Valley, ur under 
"present traffic are working to their capacity, and as. the 2 400 000 000 ton- = 
“for the river can easily | be: multiplied 5 5 5 to 10° times, when such quantities of 


tonnage are offered, it appears that, as a transportation | line for the entire 


: valley, the improvement is ‘unquestionably advisable, and much more desirable 

than additional railway trackage of an equal cost. . It is b believed that a = 
-double-track railroad for the entire length of the river, ready for “operation, 
‘would cost 50% 1 more than the completed improved deve 
To the public, another advantageous feature of the improvement is 
-Teferred to on page “railroad low rates : at competitive points”, and more 
strongly emphasized by Maj. Elliott at_the bottom of 1 page 1284. i. It is ‘so 


well known that water competition lowers railroad rates: at all competitive 


+ Proceedings, Am. Soc. C. E., May, 1922, p. 12 
Proceedings, Am. Soc. C. E., April, 1922. et. Aga 
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DISCUSSION : LOC MOVA ON OHIO RIVER [ Papers. 


"points that it does not seem ‘to be necessary to present more statistics or dis- 
cussion. _ It appears that these advantages of emergency insurance in case” 


national or industrial war, and low ‘freight rates effected by water trans- 
portation are not given due weight by many writers and speakers | on t this | 
subject. The writer is so confident that this river will ultimately comply with» 
the financial test enunciated by Col. Harts, Maj. Adams, * and Mr. Knowles,} 
that, in this ‘particular | case, these other great reserve ‘advantages: need not — 
necessarily be used as governing factors. However, it is not clear to the writer 
4 that the test, as enunciated, is the one to be taken pe the final mandate by the 


~ Government in all « cases, because it is well known that the principal benefits | 


4 of the railways of this country are not to the stockholders and bond holders 


but to the people who | use them, who own property ; near them, ‘and to the 


_ national body politic. The Government is now spending many times as much 


highways and national paved roads as for Tivers and harbors. No such 


test as that referred to seems to have been suggested as a condition for that 
expenditure. Why, then, should such a test apply and be the final criterion 
for river improvement any more than for public: highways for automobiles, 


era 


“horses, and pedestrians from which no revenue is received or expected | except 


in the way of national prosperity and the tax thereon? 
. In the movement of package freight, the writer believes that a change in the 


present system of: operation must come before the e volume approaches 1 that 


which should exist and be expected for a proper service to the public. — It must 


: be understood that the building up of extensive service of that character f for 


the public 1 requires financial responsibility, : an organized and permanent force 
trained agents equal to that of the railways, with no possibility of “cut 


pus 


_ throat” competition, a continuity and permanency of service equal to that of 


N the best railroads, some uniformity in quality of service and schedules of 


7 boats, and an | interchange of traffic with the railro ads, with « one bill of lading” 


Tet 


or by ‘With these and such conditions made 
d 4 to those of the best railroads, there is a large tonnage | of package freight 


movi ing by railways along the banks of the river which can be delivered by 


boats more - economically and in less time than by rail, thereby ‘resulting in 


eeonomy and convenience to the public. Adams’ Temarks | on this 


award of special privileges | should be under proper Government competitive 


methods an bind control. ‘The essential accomplishment desired is that the “packet 


_ line” from the head to ‘the ‘mouth of the river establish and maintain a ‘per-— 


manent service, for the country people, towns, and ¢ cities, equal in renal 


nim, such a service ‘is a lack of genius as a people man- 


efficiently affairs of that character continue ¢ to be dis) played. 


In 
lower 1 river as a valuable ¢ extension of the brief reference thereto on page " 
especially as as to the reasons being considered and the interesting features 


4 Proceedings, Am. Soc. C. E., October, 1922, p. 1706. 
Proceedings, Am. Soc. C. E., April, 1922, p. 1001, 


Proceedings, Am. Soc. C. E., January, 1922. 


ject indicate that he may have “overlooked the writer’s suggestion ‘that any | 
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Papers.) DISCUSSION LOCKS AND MOV ABLE DAMS ON OHIO RIVER 
duced oe the o omission . of two or more of the dams below Dam No. 49. As he 


. a states, the short season of low ws water, the great fluctuations in stages, the great 
; quantities of shifting sand, and the failure to find rock at any of the sites on | - 
Which. to found a makes the estimate ¢ of first cost t high; and the shift- —. 


of the channel at. the to 


“place rolling in service after the it should be remembered 
that, although two weeks? time is required at two or more locks below Cin- 
, the cases are exceptional. The delay i in first maneuvers of the gates” 


after floods is usually due to o the accumulation of deposits of great depth « on - 
the gate tracks | and about the gates. - Inti the he recesses which are placed so as 
to have : a current flow over them at a rate equal to the average channel flow, 


the accumulation of deposit during one winter i is not | serious. ‘The deposit 

: in the : recesses | of f Lock 1 18, after the tl three winters, 1910. to 1913, averaged 3 ft. 7 
in depth at ‘the ‘portals: and 5 ft. at at the rear ‘ends; the maximum depth not 
exceeding these “averages m more than 1 | This small depth of. ‘deposit i is due a 
in part | to the location of the lock on the concave shore. WwW here other condi- oan 


7 ions make it desirable to s select a location on a straight stretch, or on a slightly 
convex shore, in order t to obtain the swiftest | current possible, the recesses 
should be as far out in the channel as other conditions will permit. | A location 7 


directly below a jutting point, on a bar, immediately | above a bar, or in -_ 
4 natural eddy i is likely to: cause excessive deposit. Deposit is is not easily remedied - 
by covering the opening. To be effective, the covers must form practically 


a perfect seal, and as they must be broken as soon as the flood is past, ‘that 


As Col. Brown states, in 1 this long series of movable dams there ey already 7 


oc curred a ‘serious shortage of water immediately after raising the dams, 


“resulting in stages of 8 3 ft. below the natural stage for 


writer has Mr. ‘Knowles’ to the Pittsburgh Flood | Commis- 
sion, referred to in s discussions. | As apparently anticipated in his discussion aa 
‘stated by Col. it appears that “a comprehensive scheme of 


trol of operating the | dams will have to be e devised”, or, 2 at least, that appears — 


to be desirable. In devising a _ complete system of control, it ‘may be well = 


- consider the possibility of using stored water and of obtaining some of the 


supply from the pools of tributaries with fixed dams now in existence, and 


also the further possibility of increasing such storage from dams proposed for 


No. 34, which Col. Brown refers, was his direction, for the 


_ purpose of reducing the great cost of coffers for work of this class, which, on 
* the middle section of river, is ‘nearly $200 000 for a single lock and dam. It 


* Proceedings, Am. Soc. April, 1922, 
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LOCKS AND M MOVABLE ‘DAMS 0 oN OHIO RIVER 


‘consists a series of small coffers ranging in size Up to 49 by 150 built of 
a single wall of steel interlocking sheet-piling about 4.0 ft. long, driven in 


~ rectangular or curved forms, and braced by several tiers of 12 by 12-in. timber. . 
This method has been tried to a more limited extent at three u up-river ‘dems, 


_ and on many smaller industrial works. = This is its first adaptation to all the 7 


parts of an Ohio River lock with ¢ a deep foundation of piles. The — 


It is not so likely to b be injured by floods, permits starting coffer 


% _ construction a month or more earlier than with either of the wood ; 


eaves. (c) Less s damage to the coffer by floods — by deposit, and less machinery 7 


o 


voy a Less obstruction in the river, thereby not so much increase in the 

velocity. of the current, or obstruction and interference with navi- 

ae iow ) The coffer wall is closer to the permanent work, thereby enabling 
As 


derrick boats te stand outside the coffers and loads in the pers > 


a 


Seasons of low water, excess in cost dering seasons there i is no 
age: to. wood coffers by floods, and | excess in difficulty of removal, especially 
"where piles are driven deep. — It is also evident that the cost of the steel coffer 

- construction increases much faster by increase in the ‘span between the steel 
walls than the distance. | This cost, becomes excessive when the timber braces 


vir 


Lock 34 coffer and lof those of Lock : 38 box coffer, Ww yhich was constructed and i in 


Sis ed long lengths. A comparison of the cost reports of the building and removal of 


use during the same ‘time, indicates that the cost of Dam No. 34 is the ; greater. 


Maj. Adams’ data of the hydraulics of the river at Dam No. (Mile 


804) and his description of some of the main features of the dam are a valu- 


~ able addition to the ] paper. . Howeve er, when the dam was designed, about 10 
i years ago, it was hardly realized what a great improvement the improved bear- 


; are longer than 20 or 24 tt... , and x require splicing or are purchased i in unusually Ee 


trap would make in the ease of regulating the upper pools, and the gre: it 


‘pedection it effects in the labor of recommending that one of 
the Dam No. .18 bear-traps be placed next to the abutment, it was expected that aE 


; part of the difficulty of passing from pass to wicket weir would thereby be 
“overcome. As “indicated on p pages 22 and 39,* ‘it has long since been clear 
to the writer that it would have been wise to placed both traps" together 

_ and adjacent to the abutment, even at the ‘further expense ¢ of i increase in ‘the 
cost of bank protection. It is now ‘gratifyi ing to learn, from the discussion by < 
Mr. Grimm ,t and by Mr. Thomas,} that they also have reached the same conclu- — 
‘doe in regard to the odialinn position of pass, , wicket weir, and bear- traps for 


other dams now being | designed or constructed. As the 91-ft. | bear- -traps can 


t Proceedings, Am. Soc. C. B., May, 1922, "3218. 
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ers. 1 DISCUSSION: | ‘LOCKS AND MOVABLE DAMS ON OHIO RIVER 


be relied on to maneuver in one or two : minutes, up or down, without any other 
effort than that required i in opening two valves and closing: two others, and,as 
the up-keep is is small, it appears to the writer to be inadvisable to build a dam 

without one trap; two are preferable ; and, as stated on page 40* and by Mr. 7 


err 


4 Grimm, page page 12/7 T7t, the excessive cost of the bear- -traps is is one of the principal 
reasons for not adding a third trap instead of 100 ‘or 200 lin. ft. of weir | 
wickets, as in the dams of recent design. However, another reason, which - 
“also must be considered, is ‘the fact that a head of water : is required to remove 
- deposit from the trap r recesses and inlet and outlet culverts. immediately after 
the wickets are raised. The wider the bear- r-trap | opening the longer the time 7 


“needed to obtain: the required head. At ‘that particular time, in | maneuvering 
the dam, every minute of delay is of importance to > navigation. The ‘reader — 


‘should bear this" condition i in mind while reading» the long argument (pages — 
to 1292+) f for more bear- -traps | and the entire, elimination of weir wickets. 
rap of highest lift of which — : 


aa reading Mr. Duis’ ' reference to the Dam No. 18 bear- oe weir, it 


should be remembered that the dams on the 1 upper ‘river were not built in order. 


structed, there was s not a a , steel bear- -trap in ‘ee ation o on n the 3 river, or in ‘the - 


world, ‘approaching it in stiffness or we eight per square foot of lower leaf. At 7 


that time only Dam No. 1, with only one 50- -ft. wooden trap, had been wlawed i in 4 


“operation. i The writer visited that dam in 1902, and the trap was out e 
service for repairs. It is the great improvement, in the No. 18 and the other ro 
Steel traps with | leaves of the same design, which has reduced the usage of 
‘the Chanoine wicket ¥ weir, notwithstanding the excellence of weirs of that type 
operated from a bridge, as long demonstrated by the e eight. dams on the Great _ 
- Kanawha River. > The six dams referred to on page 1288+ are Dams Nos. 1 


- ~ to 6, inclusive, on the Ohio River, all of which were ‘commenced several years | 


advance of Dam No. 18. Wooden traps were first designed for 
them and for some of the other dams. The’ change to steel for Dams Nos - 
to 5, inclusive, was decided at about the time the No. 18 plans were com- : a 
pleted or after. ~The span of the ‘steel traps for those dams was made 91 
ft. to fit masonry which had hans built before the decision as to building the | 4 
= traps, and thus that span has become the standard for the river. When a 
Dam No. 18 was designed, the regulation of all the 1 upper : pools 7 then in opera- 
—_ in the United States was being done principally or entirely by the use of 
_ Wickets. - That method had been used extensively in Europe for many years. 
~The operation of wickets from a bridge is the only method of pool regulation - 
on . the Great Kanawha. _ Although the improved bear-trap is superior to the 


Ww icket as a regulating weir, under the direction of the builder of the Kanawha 
a ~ dams, their operation appeared to be excellent until the No. 18 type of trap was — 
8 - placed i in commission. _ During the 5 years of operation of of Dam No. 18, under — 
- the ch charge of the writer, the wicket weir was used as an ‘important factor in 
regulation and operation. In later years, due to the ease of 1 maneuvering the 


= 
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‘DISC LOCKS AND MOVABLE DAMS (ON OHIO RIV 8. 


bear- trap has the use “of weir wickets, it seems 


premature to state that wickets : are ‘ “obsolete”. This seems especially true 
long as those in authority continue to design will build new dams with wicket 
weirs, as in indicated i in the discussions by Mr. Thomas and Mr. Grimm. The 


‘note that, in some the new plans, ‘the filling ‘and emptying of culverts for 
the bear- traps is being planned about as suggested in Paragraph ©, page 41.4 


In referring to the formula, Q ‘= m / 29 (h + (4), page Mr. 

~ "McAlpine pertinently ‘says that lack of euthentio experimental data as. 

to the » proper values of m makes the use of this formula unsatisfactory”. ~The 
writer diligently sought a more applicable formula, and more data as to values” 


of m, without satisfactory results, He doubts if any exist. Iti is believed that 


satisfactory data must be obtained from completed dams in “operation, and 


not from models, In the particular e: case use on “page 14,+ from 1 observations 

of the discharge through the completed dam, the writer believes that the 
discharge i is quite close to that ‘computed 700 cu. ft. per and 

he i is confident that the discharge computed on page 1294 (33 900 cu. f ft. per 
equivalent to the natural discharge of the river at a 7-ft. stage, is too 
«J small. The v writer fully agrees with Mr. McAlpine » that ‘it is time that some 
of these formulas and data were e tested by ‘experiment, and th that all decired 
values be | obtained by observation and velocity m measurements at all 


* it i is gratifying ‘aes | to a 


4 the fact that the g ones observations were at a ‘about | + 


“tions were made. ‘These 2 areas, from a section that place, were used up to 

7 ~ the 11-ft. stage, whereas, above 11 ft., the areas were taken from the cross- 
section of the river on the axis of thedam. ‘Be 
Herman Haupt, a Civil Engineer, ‘published, 1855, an article on the 


Ohio River problems, improvement of navigation and flood control a use of - 

restraining dams, in which he says, “th 
left to future legislation. will be sufficient at present to to 

members of this Society were | born. after these v were 
and have seen engineering inventions and works, greater, more numerous and 
more wonderful than those all ‘the preceding generations combined. 


indicate a surprising» vision for one of that day when the wonderful 
-eries and improvements of this generation were hardly commencing. 
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] DISCUSSION : LOCKS AND MOVABLE DAMS ON OHI OHIO RIVER: 

Iti is a great pleasure to the 1 writer. to know that he has taken even a small 
part in | the solution of the problems | relating to the Ohio River project and 
improvement, one of the m many great works s conceived, designed, 2 and ind executed 
by his fellow workers of this Society. “Set TAU 
As a last word » the writer wishes t¢ to express sincere and grateful apprecia- 


tion to each of the contributors for the valuable matter added to this paper, 
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- that the electric power business has been passing: through during 1 the past fe wo a 


J ‘years, in 1 the matter of care of both. the demand | and the 


ment at the present | time, and their ‘possible effect on future conditions. — - 


A study of a score of scattered public service companies oper rating in oo ; 
| York State during the period from 1910 to 1920, shows that the average revenue | 


per kilowatt- hour for ; all classes of service, has remained substantially the same. 
«ti is believed that the « companies are representative e, and the showing noted is 


- typical. This | maintaining of of rates has happened in the face of the rise in 1 cost 


of practically every thing since 1914. 


‘Inve! 


econ 


ete. 

the 
the ] 


important factor has the record, especially in 

regard to rates, is the increase in the proportion of water to steam power. In 

the > ener} ry generated by companies reporting to 1 the Public Service Com- 
mission, outside of New York City, amounted to a total of 950 000 000 kw- hr. ; 
In 1910 the hydro- electric energy Ww 4.4 the amount of stea 


genera ated ener 


 Maintainir a price, it is of especial 
) _, interest to note in Mr. Hogan’ s paperg the tendencies of Ww ater power dev elop- 


pointed out by Mr. ‘ham indicate how additional power may 


available through economies in and by further development. = 
oe result will probably be an increase in the ratio of hy dro-electric power to steam 


power. Although the conditions just noted have obtained i in the operation of | 


public service corporations, private steam plants have had to face more pro- — 
“nounced increased costs, especially of fuel. _ it is greater 


accor 


Continued from March, 1923, , Proceedings. \ = = 
+ Secy., New York Water Power Comm., Albany, N. 
Received by the Secretary, February 23, 1923. t= 
§ Proceedings, Am. Soc. C. E., November, 1922, p. 4741 r 
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| Ties tre amount generated in 1910. 1920 the hydro-electric energy 

generated was 5.2 times ‘as great as that generated by steam, indicating an 
trans 
for 

has 
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| 

— In view of the power conditions that have obtained during the past few — cond: 

_In view of the power conditions th ve obtai uring p 

lowed for the purpose of maintaining that record and improving it, if possible. 

1%, 5 


ae 
Although the fact that the ratio of water power has ‘kept pace with th 


steady, annual increase in the amount of 1 power required, has increased over 


‘the steam power, and has been of great value in maintaining r rates, there =o 
other economies helping toward the same end, such as improvements 


routs. ne 


4 
machinery, greater efficiency in transmission, greater - general refinements in 


practice, and changes in . control, that have contributed to that end. Sos q 
on That an increased proportion of water power has not been the sole Selon ; 


tending to keep rates kilows vatt- hour shown the 


cen 
service electric companies, except street companies of York Clty, 


test | in 1908, was 6.9. cents. In 1919 the av erage revenue was 4.4 cents. This i is ag , 
-stea am-generated energy. In 1919 the amount sold was 1104466493 kw-hr. 
l the &f __In the case of of the city plants, the coal required t to generate 1 kw- “hr. ir in oe 
yecia ial ow as ‘reported to the Public Service Commission as 4.20 Ib. In 1919 it was 2.38 
elop- lb, or 0.6 of the former ‘quantity, showing a much greater ee conomy in the us : 
New Although a great deal has been accomplished i in keeping down” costs, by 
and refinements in ‘operating, it does not appear as safe to rely 
ame. - economies j in this direction i in the future, as. tor rely on following the } present 
ed is tendencies outlined by Mr. Hogan, especially in in securing greater economies: 
cost “through the construction of storage reservoirs, the inter- connection of service, 


a ete. * or example, the present dev: ‘eloped hy dro- -electric } power may be trebled by 
ly in ‘ the increase in power that may be secured i | present plants through river 


regulation, and by the construction of plants to use the undeveloped power. 
Com- Storage reserv oirs for regulating stream flow hold promise of great general 
w-hr. benefits. Regulation will” result i in lessening flood damages, in _ increasing 
er 3 in improving navigation in the large § streams by increasing 
vr 3.40 the low-water flow. However, when it is suggested that s storage may be carried © 
toa point that will make Adirondack powers independent of steam, ‘if desirable, 

gan f it ‘must not be overlooked that, in the case of this power, v which requires to be 


esent 7 transmitted : a long distance to. market, auxiliary power will alw: ays s be desirable, 


‘if for no other reason than to protect against interruption . of servic e, to which - 


all 1 long- re subjecte 2 


pe As indicated, the conserv ation of the natural resources of New York ‘State 


has been studied carefully, both by public and priv vate authorities. Stream 
#4 flow records, forming the > scientific basis for any development, have been gen- 7 


erally, maintained. Although the power record of the Past few has been 


a notewor rthy one, ‘we appears to be no doubt that the future will g give a good _ 
’ account of itself, if the tendencies outlined are advanced rapidly enough to meet - 


conditions, Fortunate, “indeed, the State has. ample “coal deposits. 
Happily, by the advancement made in hydro- electric a art, , and by the careful 
study and development of their water powers, other § approximate the 
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THE DESI SIGN STRUCTURAL SUPPORTS FOR 


Pry. R. von ‘Fannice,t Esq. —T he author has anny a field of civil engincer- 


— ingr most intimately connected with the e Mechanical and Electrical Professions. 
| 
Asa matter of fact, the subject treats” the execution of the design of 


a structure, and may mean either success or failure in the proper f functioning 


of: the prime mover of the modern powe er station. Therefore, it t is recom: 
mended that. the American an Society of Civil Engineers should try to formulate 


specific recommendations covering the various phases of the design of struec- 


7 tural supports for turbo- -generators, v which bars tsa used as a basis in executing 
4 ‘Structural steel supports, as foundations for prime movers, are of | com: 


paratively ‘recent: origin, the earlier installations having caused considerable 


difficulty, chiefly to lack of knowledge pertaining to ‘the specific 
7 acteristics of the equipment to be supported. This lack of 1 proper information 


_ was not confined solely to the civil engineer, but was shared equally by mechan- 


_< ical and electrical « en ineers. Tt ‘is not pe infre juent oceurrence, at resent, 
pr 


for builders to be inconsistent in their instructions and data concerning the: 


- deflection allowable, the distribution of loading, and the rigidity of the com- 
_Ponent parts s of the equipment. 


Most ‘the manufacturers do not depend on the base- plates of their. 
for equal distribution of loading, and the base- plate 


“Serves only for centering the component parts of the unit. This, howev er, is 


only” true for those turbo-g -generators which have @ continuous base- plate 
Some of the builders of larger turbo-generators. do no ot even provide a con: 


tinuous base- “plate for their unit, and thus depend solely on the ‘foundation 
or support to hold the various parts in alignment, supplying : an ‘additional 


difficulty | to be overcome by the civil engineer, and incidentally also gr reatly 
increasing the cost of the structural support. 


“oe The cost of. structural supports for turbo-generators having well- designed, 


continuous, ‘Heid’ and adequate bases, is approximately 25% less than the cost 


for the other and more commercial types. 


main difficulties encountered i in the design of the structural | supports 


* Discussion of the paper by Edward H. Cameron, Assoc. M. Soc. E., 


‘Engr,, Public Service Production Co. J. 
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supporting 
The three types of by Mr. 


forced ‘concrete, structural steel, and combination and 


crete, or composite type, are not adaptable to all kinds of installations, ‘le 
the proper selection of the type to be used for any specific case is s dependent 


on the « aux xiliary ‘equipment, type of ‘unit, space conditions, a nd arrangement 


oa The structural steel type has the greatest advantages, as it provides the 


most the auxiliaries and Piping, and, further, 
i 


le heavy concrete. The 


_of concrete provides volume ‘or mass, and. protection to the 


_ structural steel against temperature changes and consequent distortions of 


the: structural frame. This last item, however, can also’ be obtained by 


3 or 3-in. thickness of concrete | over the structural steel members, and this 


pontine is of greatest value for the columns. The structural value of the 


heavy concrete eneasement is uncertain, ‘and it is advisable to ‘ignore | the 
structural. value of the concrete in the calculations for strength and rigidity. 


Therefore would seem advisable ‘to the steel only against 
istortion, and design the steelwork as a purely of 
ade equate strength for deflection and vibration. 


Sudden and local temperature changes in the turbine room basement 


“will distort the ‘structural type of pedestal sufficiently to cause serious dis- 

| turbance in the turbo- ‘generator itself. Therefore, some engineers believe it 
advisable: to protect the columns | against such temperature changes. 
x Er such protection can be obtained ata 1 comparatively small additional cost. 


The reinforced concrete pedestal is ‘becoming less popular in modern instal- 


lations, and is unsuitable for compact and accessible arrangement of 


auxiliaries. Furthermore, it is. impossible, in most instances, to obtain a 


late P- ‘structural strength i in cross- ‘girders, a as required by the limitations of deflections 
-p 


ety imposed by the manufacturers and, also, by the inadequate bearing surfaces 
ver, 


-plate. 
1 con- 


provided on “the equipment. itself at the points of most critical concentration 
loa ing ‘However, this is not the ease for units: continuous, heavy 


Jation properly designed base-plates are provided by the manufacturers. “i 
Vibration in the pedestal can be reduced to the minimum in any type of 


Dedestal, and is on the methods | of bracing, design of 


4 
the proper balanc- 


properly in pedestals of the structural type, 


it is imperative that bracing in all” directions be supplied, and that 


be secured to the grillages and girders with heavy brackets and 
— 0 cross- -tie _ grillages so as to have : at least one beam of 
ntinued 
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: 
7 This will stiffen the entire structure and guard 1 against looseness in the con- | 


nections between the columns and grillage. urther, all tiers. of the grillage | neetic 
should be riveted together, and the column bas should be bolted or fiveted | 

tension and compressio: mer fabricated to. provide 


in ritial tension or compression, and in practice it has been found advisable 

to fabricate tension members. Ye i in. ‘short i in 10 ft. and compression mem- 


bers vs in. long 10 ft. This will eliminate all possibility” of slackness 
in the joints. It is also to increase connections for all abutting 


hind. 


ment 


by at least 50% of the theoretical connection value, in “order to 


provide rigidity : ‘at the Salat itself and eliminate loosening of connections later. a 


This further tends to throw the oscillations or vibrations Into the n members W 


a girders composing the e platform of the pedestal s1 supporting the turbo- be er 
generator should be designed for deflection only, and the summation of to fil 
deflections of all abutting or connecting girders ‘should result ina "provi 


deflection under all pedestals or bearings of the -turbo- along its we dge 
= al T he > top of the ‘steelwork, for a structural ‘support, should 1 be arranged | WwW 

so that a at least 4 in. of concrete and grout are possible between the base of Jf Piney: 
turbo- -generator and the steelwork to insure against pulverization of the and 

rout after a period of operation. wh’ right 


‘The space between the girders of the platform should be filled w ith con- the t 
crete in order to provide a massive mat to absorb the pounding of the ‘unit | 


add to the rigidity of of the joints. parallel supporting girders under 

7 any supports of the turbo- -generator ‘should be tied together by heavy plate on th 

and angle diaphragms. Pipe and rod ¢ or standard cast-iron separators are 


Jn lequate provisions should be made foundation bolts holding the 


turbo- generator to the pedestal, and in eases where supporting girders come 


in line with” holding- down bolts, a specially shaped | billet, tapped | for the 
dow n bolt, is to be securely riveted to the top of the girder, af 


In the design of structural steel pedestals it is not safe to base the design 
any fixed unit fiber stress as a Jimiting feature governing the size of 
girders. Each girder should be designed purely for the “proper required undu 


deflection for the load to supported. The ‘designer must make proper quent 
allowances for impact and loadings or weight of unit on 


the design of girders, three actual net weight of the ‘unit erly 
has. been found t to be ample to provide for impact and dead weight of the ck 


‘structure itself. the “design of columns and grillages, three times the dens¢ 
actual weight of ‘the unit, together w vith the weight of the platform, should | ; posit 
be used. | Grillages spanning a canal, or not being supported uniformly, should | and | 
also be designed for deflection, and this. deflection should be considered in § build 
‘the design of the platform and entire structure. i block 
Continuous girders parallel with 1 the longitudinal axis of the turbo- gen- 
erator” should be designed as such, and all Positive and negative moments -undu 


: 
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> 
a 
4 
: be su 
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; 


should be Ample stiffness should at all cross- con- 


nections and ov er columns. Turbo- -generators | having substantial, well 
designed, and self- base- plate do not | require side girders, 


e pedestal can be surely designed, which 
also 0 consist of two separate if so desired, ‘supporting se separate 
Nel ‘The e entire structure dunt be supported on on a continuous heavy cor concrete 
of adequate thickness to guard against shear and to avoid local settle- 
ment under any individual column. Steel reinforeement is required when 
ater. - the volume of concrete available i is of limited thickness. 
the turbo- “generator on n the should be wedged 
I unit should then 
all all practically the wee pot ‘the base, plate, as as 


"provide for shrinkage as the grout dries and hardens under the unit. i. The steel 
_ wedges should not be removed, but ¢ cut off, when they extend into | openings | 
g, or other auxiliary parts. 


form 
its 1 
required f for air ducts, ‘pipi 


in 


When installations are made, care should be taken to avoid any rigid 


connections between the support of adjacent units, building wall, 


and building steelwork. “This” is primarily important in the direction 


right angles with the unit. All galleries around 
turbo- generator, and secured to the pedestal structure, should all 


grating and. cover- -plates (it any are used) bolted s securely ‘to the steelwork, 


order to avoid unn unnecessary disturbances. If concrete floor-slabs are supported 


pos these galleries, they should b _ haunched on the lower flanges of the sup- — 


porting: beams, to insure agains loosening from the su orting © steel an 


The “method of supporting the condensers depends largely on the size 
the ‘unit and the design of the condenser and turbine. 


hen an expansion joint of adequate design is used, the condenser can 
be supported either on pedestals from the basement floor, on steelwork con- — 


~ nect! ting to the columns of the pedestal, or from hangers fi from the supporting 7 


platform: itself. The latter method to ‘be recommended, as it 
undue loading on the — -generato 


> — large installations, the method of supporting the condensers on prop- 
ely designed and adjustable spring supports is the most satisfactory, espe- 
cially if there are provisions for testing the actual. distribution of the —_ 
weight by suitable hydraulic jacking devices. With this ‘arrangement, 


Positively accurate e distribution | of loading due to the condenser is possible, — 


absolute assurance of ‘the proper amount of dead weight required by the: 


Botan on . the casing of the turbine due to the condenser is insured. . Also, J 


blocking devices should be provided | to furnish proper means for supporting — 
condenser when filled with water for testing purposes to ‘guard against 


ns, 
“undue on the turbine. easing under these conditions. 


lage a 
eted 
i 
| q 
iT 
— 
— 
it 
nder 
ate 
plate 
20me 4 
the 
sign 
the 
tired 
q 
it on 
unit 
the 
the | 
ould 
ould 
d 
“gen- 
1ents | 
oll 


DISCUSSION : STRUCTURAL SUPPORTS FOR TURBO- -GENERATORS 


For new turbine-r -room m designs, ns, the 


under the equipment for condensate pumps, and other auxiliaries. “The 


- following figures will provide sufficient head- room between the basement | floor | 
and top of the ‘turbine foundation the various units: 


For units: from 30000 ky-a. to 45 000 kv-a., or larger: 35 


— esigners should allow ample head-— 
— 
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by Me Epw ARD ‘Goprrey, S. Marty, ELL, Tacos. p. 


{ 


‘Epw Goprrry M. Am. Soc. C. E. (by letter).{—The synopsis of this 


"paper holds out ‘the hope that ‘the author will perform a needed service in pre- E - 
senting sound reason for: revising the Joint Committee Report on matters rela- : 


ting ‘to columns. After: reading practically. all of Mr. . Tucker’s paper, the 
writer is not convinced. that designing would be on any better basis if his 


"recommendations were adopted than it is on the basis of the Joint Com- 


Pe The Joint Committee Report of 1909 allowed 450 Ib. per sq. in. on conerete 
in a rodded column, but excluded a protecting shell, 14 in. thick, om cone rete 
a 10-in.: column (2 000- Ib. concrete) being sé safe for 22 050 a 


Report of 1912, allowed 450 Ib. sq. in, and excluded a 2-in. shell, 
the same column being safe for 16 200 lb. on the concrete. 


1917 Report : allowed. 450 Tb. per sq. in., but did not exclude the shell, 
the ‘same column being safe for 45 000 lb., or twice what it was safe for under 
the: 1909 Report and nearly three times what it was safe for under the (1912, 


Report. With: exactly the same data on which 1 to base judgment, totally dif- 


The first two Reports of the Joint Committee permitted the use of plain 


concrete columns up to twelve diameters. These “same reports indicated 
“dearly that the function of ties in rodded columns was" merely to hold the ~ 
‘upright rods in place while the concrete was hardening. Any kind of 


wires would answer this purpose. The later reports: specified rods of a certain: 


‘size for ties, a spacing not to exceed | sixteen diameters of the 


aes Joint to by. the a ‘author on n page 180 suggest 
of an engi 


an engineering commission to investigate the subject of columns. 


commission ‘should have open proceedings, should listen to any 


This discussion (of the paper by Jolin Tucker, Jr., Esq., _ published in 
- Proceedings, and presented at the meeting of February 14, 1923), is printed in Proceedings 
hh order that the views expressed may be brought before all members for further discussion. 7 
Structural Engr. (Robert W. Hunt & Co.), Pa. 
Received by the February 10, 1923. 
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"DISCUSSION ON REINFORCED CONCRETE COLUMNS 


“prove his case against gers stan ards. end sustain hie substitution therefor. 

_ There are parts of the paper that seem to contra adict other parts: The author 

on pag page 180: those. engineers most favor this’ type of 


d column] ca annot agree: ‘the of the ‘rods nor can 


“Longitudinal reinforcing rods. add definite strength | to the column 
On page in the criticisms of the $4991 Tentative Specifications”, A the 


The working stresses, in alll cases, are lower than the safe eale 


‘strength o on which design has been based.” 


“For the strengths to. be a concrete the 
permissible stresses of the 1921 Tentative Specifications are much above the 

safe calculated stresses for many possible selections of var iables.”” 


Surely working stresses and permissible stresses are the | same; how ¢ can 


such stresses be lower ‘than the author ‘safe calculated stresses” all cases 
~ and much above the safe cale ulated stresses in many possible cases. uit al 


On ‘page 190* he states. that it is ‘impossible to determine the true stress 


in the rods; and ate in the same paragraph: “It will be shown subsequently od 
that the rods develop a very constant strength. 

alls It is stated. on page 220* that: “A unit volume of concrete has the same 


ultimate strength. no matter where it is placed. On page 187% formula is 
given for the ‘ <merease in strength of concrete to spiral reinforcement”, 
_ thus proving that if the volume of concrete | is placed inside a spiral it will 


be of much greater strength. . The author states on page 189 that “the spiral 


increases the strength of the conerete in a a definite manner.” Surrounded by 


- restraining concrete, and carrying a bearing load, a cubic inch of conerete has 
many aera the compresiive strength of a free cube; so that a — inch of 


| 


“The contention is. ‘autres that, in the process of destruction of the 
- [rodded] column, the rods buckle and cause the surrounding outer layer of 
conerete to seale, thus starting and aiding the failure of the column. — The 
phenomenon is a phase in the failure of the testing of this type of column, 5 
and represents the buckling of the rods after the maximum strength of the 
column and concrete has been passed and the concrete has broken, allowing the 

* ae _ Apparently, his conclusion here i is based on the suddenness with which the 


7, whole column breaks down. | On page 209* he refers to the suddenness with 


which the Quebee Bridge collapsed. —Would he say that. ‘the er entire 
Bridge reached its ultimate strength in ve part and that ‘no one “part 
“failed first, th sing the whole collapse? 
Proceedings, Am. Soc. C. E., February, 1923. Sera aie 
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page he states: “Increase in 1 the factor of safety, a result of | 


Ib addition to the foregoing “contradictions, there are statements and 
attitudes toward engineering problems that are difficult to. harmonize with 


“including too many and extraneous factors, does not give ‘increased safety,’ 
Bary again, in the same par: agraph, “The smaller the factor of safety the _ 
a structure becomes. . Is it the actual dimensions and type of design that 


“give s stability to a structure, or the correctness sof the logic of the ene 


ay 


‘The author’ s statement about: reliability is difficult to connect with any — 
“well: ordered ‘set of facts. When reliability is mentioned, one ‘thi inks of some- 
7 thing dependable, not likely to fail suddenly and without wart 


1ing; but the 
author rates high i in the ‘scale of reliability ‘the v very things - are the most 
“treacherous. He states, on page 


re. suddenness and violeneo of the failure or the length of time required a 


- for failure to occur in the testing machine is no indication of of the strength 
reliability of the material or structural element. 


he ‘states: “The spiral reinforced conerete column 
shi a e almost as reliable as the rodded column.” 


“irony. ‘Hundreds of ‘rodded columns have failed in the general 

more’ than a score of structures ; and no structure having spirally reinforced : 


columns has collapsed. ‘The author states, on page, 232,* that ‘the spirally 


reir nforced column is less reliable than the plain concrete column. Then why 


On page 173* ‘the author states , under “Unreinforced Col umns” : “Test: 


results of only, eleven such columns can be found.’ af ‘Then he g 2 gives twelve, and, 


"among these, he selects seven out of nine made Messrs. McKibben 
Merviil... _ Professor Talbot, in Bulletin N o. 20, reports tests on 19 plain con 


crete. columns, and other experimenters ] have made tests on such columns. — “Why © 


“this n meager selection of data, when an attempt is made to establish a principle? 


 Ony page 183* the author states that the rods i in a column ‘ “have a strength | 
of 89 700 Ib. per s sq. in. for a column of infinitely small length”. A vertical 
--rod, even of finite length, will have an ultimate strength that no testing 


‘machine could 1 measure. Throughout # the paper, the author ignores 1 this vital 


“fact, | that thin disks of any material are enormously stronger than cubes or 


ordinary dimensions. It is incorrect, therefore, mention ‘the 
tl of any column of infinitely short length. 
‘when’ columus are ‘made or or ‘tested in 1 the laboratory or under the 


“perfect conditions. Is the laboratory used merely, for the purpose of dis- 


_ covering and predicting what results may be expected in any given se series of | 


ow. experiments subsequently made 3 OF, is it a tool of the designing 


engineer ; and are results to be interpreted with a view of helping him to solve 


the problems of stability ? Inthe laboratory, columns are tested with a balanced — 
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or symmetrical load. In practice, a column with a balanced or symmetrical 


pe 
Ww ould 


‘practically the only kind of column tested in the laboratory. | “the ec 

In In the author’ s mind, reliability seems: to be the probability that a given stress 
column | will | develop a certain predicted strength i ina laboratory test, and no It 


load is ‘exceedingly - rare, as rare as a fixed- ended column; and this, is, again, , is 


= — rejects s some spiral column tests because the results ¢ are ‘too high.) “are du 
In the engineer’s s | mind, reliability is something to be depended on, even if, writer 
materia ials and manipulation i in the field are not perfect. The ; author finds 3 most - but it 
_ reliable the things that engineers have found | to be. least reliable. The. -eccent 
rodded column, which he classes high i in the scale of reliability, has been the 


4 ‘subject of more failures than any other structural element. ‘tion, tc 


Toughness, the quality of withstanding overload without distress, of taking Gin 
“unequal stress, either because of unbalanced loading or of inequality of the ; which 


concrete in ‘different parts ¢ of the column—this quality has been the : saving of | girder 
-Imany a , str ucture none too well designed. Its opposite, brittleness, has caused and w 
“the failure of a large number of structures. . The a author, however, in his scale struct 


of, reliability, rates the most brittle columns higher than the toughest. a ail less co 
ia is futile to say that one must eliminate irregularities. of loading» or & shorter 


in the making of concrete columns. One might as well try to ably al 

control the weather as to introduce laboratory on the job, and, in fact, be Ww 
the weather has a great effect on the quality of the concrete. oye wow oe b Suy 


The author ridicules the common | use of a factor of safety, and attempts to & the col 


show that it is not based on scientific principles. | The phrases, ‘ “scientific basis ‘the gir 


of engineering knowledge”, “rigid control of the making and placing of 
crete”, “advance i in technique”, sound well; but, if there is no margin to cover same t 
™ uncertainties i in execution and unknowables ; in design, what is to be done, if The la: 
a batch of bad concrete is placed in a rodded ‘column, or some concrete is obs The 
affected by frost? e The engineer who does not exert himself to make h his struc- § values 
os fool ol proof, not only by using a factor of safety to. cover contingencies but | By thu 


+¢ 
also by u using a design that will produce tough columns, is 3 likely to experience | a reinf 


. ity Important as is is the factor of safety, to insure a substantial structure and Talbot? 
~ to make ¢ every part +t capable of taking its load safely, it is yet more important to B® more Ic 
care: for the general stability of a structure by adopting a proper design, mem- average 


_ bers with proper ‘reliability, and a structure in which, on the whole, no principle forced . 


of equilibrium i is is violated. Factors of safety did not enter into either of the upright 
failures of the Quebec Bridge. to. him for 
Reinforced concrete failures, contrary to the on page 221*, have lives ar 
‘not been due to inferior concrete, except where such concrete may have started 
: the failure, and brought on the collapse of a brittle and unreliable structure. 
In these structures an increased factor of safety, exhibited by merely ade ling 


‘more brittle cc to improperly ¢ designed. columns, would have Title i 


if laboratory tests, instead of being made on isolated members, ideally con" 


structed and conditioned, were made on a pair or on four columns, , monolithic 


* Proceedings, Am. Soc. C. E., 1923. 
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with: girders, the inherent britt and of the ‘rodded_ 

is have been manifested long ago. Hi One est was made in this 3 way, and 
| columns failed at about 400 Ib. per sq. in. ailures have shown that the 


in rodded columns were as low as 150 Ib. per sq. in 
eid It will doubtless be argued that the failures of columns at low unit stresses: 
are ¢ due to eccentric loads. It i is easy ‘for - the experimenter and specification "_ 
= riter to say that eccentric loading : should be taken into account in the design, — 
but it: cannot be done. ~The writer does not insist on it, except where 


eccentricity is obvious, a where the plane of a girder is: to one ‘side. of the 


the -eolumn axis, or where a steel girder rests on a bracket and has 1 no web connec a 

king Given ‘the simplest. case, of a steel girder supported by two ‘columns to 

the which it is riveted by a web connection: practical designer will design the 

Ig of girder for a span equal, tot ‘the distance from center to center of the columns, - 

used and will design the columns for the direct load. He will be right, and his’ 

aoe structure will carry its designed load; but the theoretical designer will doubt- 

"y “a less compute a a bending moment in each column, ¢ and design the girder for t the a 

ig or shortened span. The former method is the way designing i is done, and prob- * 

peg | ably always will be done, in spite of all the books and specifications that may 7 
act, 


Suppose these same parts a are to be designed in reinforced concrete: 


pts to fF the columns are hooped, the same method of computing the bending moment in 
basis the girder and the direct load in the columns may be used with safety. it the 


columns are of the rodded, , brittle, unreliable type, the designer who does the 
- same . thing does it at his peril, especially if the girders | are long « or ‘shallow. 
“The latest large failure of record, that at Salina, Kans., is an example. | ball 
The author excuses all low values in column tests, ‘and explains» all high 
struc- Jf values on the convenient basis of the great 1 variation of the strength of ‘concrete. | 
es but ut By thus allocating any desired value to the strength of the concrete, , of ec course, 
rience a a reinforcing value | of very definite amount can be found for upright rods, no 
‘matter what strength the column may show in the test. Among Professor 
re and Talbot’s | tests, in Bulletin No. 10, one plain co concrete e column stood nearly 50% 
ant to more lo load than one rodded column; and, if four tests had not been made, the a : 
mem- § average of the plain columns would far exceed that of the rodded So- -called rein- el 
inciple forced concrete columns. If the author can make out of this an argument that os 
of the upright rods reinforce a column, he is welcome to any assurance it may give = 5 
him for his laboratory work; but he should not ask designers to risk valuable 5 
have lives and property 0 on this kind of assurance. od 
started Of the piers tested by the Bureau of Standards,* the hooped piers ae of 


1% of longitudinal steel are, on the average, only 13% stronger than those — 


ete is 


adding [& having no longitudinal steel, instead of 15% according to standard rules. One 7 
ittle if JB hooped specimen with no longitudinal steel is stronger than any « of those with . 
«fle 1% longitudinal | steel, and is exceeded by only one of the group with 2% = 
ly con longitudinal steel. One hooped specimen with 6% longitudinal steel is only 


10% stronger than a specimen with no longitudinal steel, instead d of 90 per cent. _ 2 
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oO the rodded piers, the group ° with 2% longitudinal ‘steel is weaker than that 

with 1 1 pere cent. _ There is no doubt that, if these specimens had been columns 

instead of piers, the results would have. been more erratic. these facts 


- demonstrate anything, it is, to quote the author, that engineers who favor the 

_rodded column cannot prove that the rods have any definite value. Attempts to 

_ harmonize such erratic results by arbitrary shifting of concrete values. should 

be anything but convincing, especially to men who are > responsible fo for the safety 

0 with spiral reinforced concrete columns, the author fails to 


recognize the one thing that | explains: the added compressive strength which 


he finds to exist in the concrete. ie. He even omits the data by which this added 
strength might be judged o or duplicated. ‘The | thing referred to is the pitch of 
_ the coils. i oD is not sufficient to say that a column is reinforced with a coil, nor 

+ to give the area of the coil. The pitch of the coil is of great: importance. In ~ 
a hooped column, the succeeding hoops make of the column a a system of ‘super: 
_ imposed flat disks. it is well known that a flat disk of any material, such as 
concrete, ‘is of very much greater strength than a cube or a -eylinder 
diameters i in height. | A cube of lime mortar will stand very little compression, 
_ but a thin joint of the same mortar will stand a heavy pressure, and the thinner | 
the joint the greater it its 3 carrying capacity. — This effect is independent of orl 
: a confinement, except the cine that is afforded by the friction of 
the end planes. In the hooped column, the hoops offer a corresponding con- 

finement. In the spiral reinforced column, somewhat similar action takes” 

place, and the pitch of the spiral i is of § great impor ‘tance. In the tests shown on 

page 185*, nearly all the test columns have about 1 in. _ pitch i in the spiral. 

The deductions: made by the author, therefore, are of limited application. 
Columns with a different pitch i in n the spiral might show very different s streng th. 
an When ; groups s of tests have to be excluded to make a formula « come out right, q 
~ does not speak well for the formula. If these groups were included, it 
would be seen that the percentage of spiral reinforcement has little to do with | 
the added strength of the concrete. Some columns with one-half of 1% spiral 
reinforcement have a greater i increase in strength than others in which the ~ 
Spiral reinforcement corresponds to lattice in steel columns. - Steel ‘columns 
‘radia be deficient, if the lattice system was s inadequate, but the area of the 
lattice bars i is never included 1 in the area of a steel column, nor is the caleu- 

lated strength of ‘the column varied with the kind of lattice. ce. The lattice, how- 


tt Tf hus there is doubtless a balanced proportion where the coil area and pitch © . 


are in. conformity, and it is improper to attribute strength to a column varying © 

with the coil area. If experimenters would endeavor to ‘discover the proper 
7 ene between the coil area and the pitch to produce a well- proportional 
it would be of great benefit to the Profession ie 
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pers. 
that — ing area ¢ of the e hooping, when there i is nothing i in the « compression area between : 
‘the hoops but concrete ( and the ‘upright ‘steel, when it is ; used) ; and the 1 nature 
‘acts [| of these is not altered by adding to the steel area. Like the lattice in a steel 
‘the column, the coil area should be sufficient. 
ts to | The proper way te to proportion a column is to use a a unit stress well within — 
ould § wh at a plain concrete column would stand under a central load, ati 
fety "many tests, is proved to be the point where the column will begin to fail, x no 
fed “matter how it is reinforced. It is the outer shell that governs in the m matter 
hich The ‘author belittles the contention “that shrinkage of the concrete in a 
‘yodded column causes high initial | compression in the rods, which buckle out 
h of | spall the thus causing the failure of the column. He states that 
nor ‘the rods: do not buckle until the whole column has reached its ultimate 

In | strength; but, how can he | prove this? He cannot deny that in many tests: 
the rods buckle and push out the ‘conerete. Simultaneous with this action, in 
has heavily loaded column, the center of the column would have to crush. 
two i The author will have to exhibit some tests in which the columns: broke by 
sion, § splitting and the rods were left embedded in the concrete and. straight, if he ? 
nner - wishes: to satisfy anybody that the rods do not buckle and push the surface 
the concrete out, and thus cause the failure in these cases. In the Edison Build-. 
nof { ing, many rods buckled out and pushed off the concrete, and the columns ¥ were — 
con- § ps still standing and | carry ing their load. ad. Some of these rods were in the middle © 
the side of the column. This happened even in rooms where the heat was not. 
n on sufficient to melt insulation on electric wires. 
viral. «ti is far from convincing to ‘mask all irregularities and account for every — 
freak result by the ‘blanket statement that the concrete of the column is of 
igth. irregular and unknowable strength, as the author | has done. 
ight, 7 _ The von Emperger type of column, with its cast-iron core of special, high- -— 
d, it strength, cast iron, and its hooped concrete Shell, would better be left as a 

. 
with § laboratory curiosity. cS There is no ) practical: way to make a good splice in oe, 

piral cast: iron core, either for the high compression or for bending, to impart tough- oa 
| the yo ness to ) the s system. R _ Shop milling i: is not sufficiently accurate for this ‘Purpose. 
Flanges would break the continuity of the hooped shell. Besides, it is difficult 
1mns to connect beams and girders to columns of this type. ry 
the On page 232*, the author states: is immaterial how astructural element __ 
how- re, It is immaterial * * whether the rods of a longitudinally 
forced concrete column cause the failure of the column or whether the failure 
pitch is independent of the action of the rods. 

ying n the same page he intimates that the ground for this non- concern is A 
‘oper because the same phenomena occur in the test columns. engineer is vitally, } 


avoid the recurrence, ‘Suppose, for example, that it were established that the 
“rods in a rodded column did cause the failure by buckling, the simple ¢ expedient _ 


of using close-spaced hooping would prevent failures of this type. pil -.tRe 


Vii ~ 
ire with: what makes a structural element fail. In no other way can he a 


aed _* Proceedings, Am. Soc. C. E., February, 1923. 


Tard 


= 
an 
7) : 
= 
yary- 
— 


DISCUSSION ON REINFORCED ( CONCRETE E COLUMNS» 


E Martin,* Asoo. M. Am. Soc. ‘Ch (by, letter) r. 
Tu ucker’s paper pelsaaiiai’ the most thorough study of reinforced concrete ne 
—- that has | come to the writer's n notice, he. will, discuss only one point at 
It is recommended that unit stresses be reduced 40% if field cylinder tests 
: are not made. This is an important point affecting very materially the size 
“ : and costs of | columns, and ‘yet apparently this recommendation i is not ot supported | 


day’s run n consisting of 200 to 4 400 batches. 
4 * testing open- -hearth steel at the mill the} engineer requires tests to be made 


2 of. each | charge or heat, and would not regard very highly a report of tests 


from one heat out of a hundred, although that is all a field 


a In the writer’s jeden, field cylinder tests are indications only of the 


a “quality of the concrete that can be made from a particular combination of © 
“aggregates and cement; and it is : only necessary to make these tests tests ts for fresh 


_Grorce Pa ASWELL Aw. Soo. E. —This paper makes no pretense of 


design and the reinforced column i is definition a com- 


; pression member, it is the usual practice to design it by the accepted | column 


” ‘formula, introducing such coefficients as experiment indicates, and making the 
formula, of course, a function of the slenderness ratio. As a matter of fact, 


it is seen by a study | of the s stress- “strain diagrams (and it has been 


eH 
tice, the colmmn strength. is not a This. 


suggest the abandonment of attempts to the design formula to fit 
column theory, and that . frank attempt be made to design the member 
asa heterogeneous block subjected toa principal compression stress, its failure 
being due to shear, internal friction, or otherwise, ‘along experimentally deter- 
 minable surfaces. The speaker suggests this ‘method, in spite of the apparent 
; complexity introduced into column | design, with the hope that some light may 
be thrown on the, at present, hopeless muddle of spirally reinforced columns. 
It isa ‘matter of sin ‘mathematical hardship to start from the com- 
paratively simple elastic equations of isotropic solids and derive design 
_ tions. It is, however, a matter of grave decision as to what modifications must 


be introduced into » the formulas to > have them meet the variations s of the giv wal 


“reinforced as an example of an isotropic approx: 


J imate ‘the resulting equations of elastic action. | This is merely by way of 


* Secy.-Treas., James A. -Wickett, Ltd., Toronto, Ont., Canada. 
Received by the Secretary, February 26th, 1923. 
¥ ‘he Engr., Public Service Comm., , First Dist., New York ~~ 
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gentle « criticism, however. One must start with the isotropic ebnditions: end 


— modify the analysis to meet the material variations, = ae: 


te, 
_ The author would do well to emphasize the qualitative worth of | the aa 
sis rather then: the quantitati ive. The Poisson ratio always breeds confusion 
phat 
| and attendant distrust of analysis dependent 0 on its determination. ‘The ratio, 
panies is restricted to values between } and a. As a matter jingi fact, there 
‘is 
an be by: indirect mothotle.. re is probably reason for the 


reat variation in its determination. Thus, Mr. AE Love* “notes: that” 
Voigt, the elastic properties of certain crystals, having 


of — He The ‘double- eword, and 


A designers do well to hang very little analysis on it. ad 3 

investigator, Chido Sunatani,t has pointed out that 
5 ics of failure are but little understood, and, as. a result of experiments, has indi- | 
3 ‘cated a method of design. predicated on a combination of shearing and internal — 


redi 


friction action. Without vouching for the accuracy of these equations, aside 
noting that the phenomena of failure | are consistent with the investi- 
1 


-gator’s equations, it seems to t the speaker that more success could be obtained poe 
in either testing or ‘mathematically analyzing the reinforced column along such | : 


lines, than in m making a fetich of the column formula. af Yo; 
‘The matter of reliability is sO ably and concisely put, and its application - 


is so ‘obvious, ‘that. one wonders that it has 2 not appeared i in print before. One — 
cannot emphasize sufficiently the Society’ debt ‘to Mr. Tucker for his 


aria- 


“tions from: ‘this mean ‘strength. 


“the very ‘little | sympathy fon ‘the average ‘contractor. 
Tn matters of decision it is the plant. ‘and not the concrete that receives the _ _ 
benefit of the doubt. On the other hand, a cylinder test is not usually a fair 
and typical indication of the strength and | carrying capacity of the concrete 
structure, The building contains 1 no structural unit stressed like the eylinder. 
Briefly, ‘the cylinder | test is not an absolute measure of the value of the con- 
- crete, but merely a relative one. _ The speaker hopes to read, some day, of 


extensive tests made on structural frames, in which the units: are loaded in 


JUN. AM. Soc. C. —There are t points in this. 


which the ‘speaker believes are e not substantiated by experiment: : The reduction 


formulas for column length, and the action and failure of spirally’ reinforced 
Columns. The concrete > columns used in practice seldom have an —_ ratio 


reatise on the Mathematical Theory of Elasticity’’, 1st Edition, Vol. = 


The of f the ‘Tohoku ‘Imperial University, ‘Sendai, Japan. 
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ON REINFORCED CONCRETE COLUMN: 


"greater than 15. following tests (including those quoted by the or) 


: ; of plain concrete “columns show. that the — ratio has practically no effect on 

| the allowable unit load, ‘within the usual maximum — ratio. It is not fair 
to compare the strength of a test column with that of a single test. cylinder. 


is better to ‘compare the strength of ‘columns with the average ‘strength of 
the concrete used, ‘as determined by the average of all the cylinders tested. 
The argument in favor of the method used by the author, that cylinder and 

=, column come from the | same batch of mix, does not carry as much weight as 
it would i in testing steel ‘columns, comparing : the column with a a test specimen 
made from the same ingot. Such uniformity | as is obtained i in steel manufac- 
ture cannot be expected in iemnenitts “hans five or six men using equipment 
costing: about $100 may constitute the entire construction as well as produc- 


unit. Comparison with the product of the steel is impossible. 


Ih considering the M columns i in Table the low values for the 
a slenderness ratio of 16.6 are probably due to the exceptionally high 
I 7 test cylinder for that case. A comparison with the average cylinder values, 


including the tests. at the University of Texas,+ made by Professor E. 
. Giesecke, M. Am. Soc. C. E., in 1919- 20, ¢ at the University of Illinois,$ at the 


University of Wisconsin,§ and the Aberthaw tests at the Watertown Arsenal 
4897), is shown in Table 14. 

TABLE 14.—Errecr or “SLENDERNESS Pram Concrete 


) ULTIMATE STRESS, IN Pounps ine 


Illin. 10, 20.| 12 10.0 2200 | mos.) 0.78 to cube, 2 cols. 
12 by 12 10.0 |. 0.88to 
 Texas......  Bby6 | 5to%B (5sets of 80 columns each. wet mix.) Little 
Aberthaw..| 12by12 | 2to14 (hand-mixed concrete. 4,00 + 0.076. 


wy Before drawing any conclusions from Table 14, the following notes, from 


the: reports of these tests, should be considered : 


“Tt is noticeable that there is but any, in strength 
_ with the length of the specimen, and this difference may probably be due to 


the fact that the longer columns were tested at earlier periods.” Fane a | 
* Proceedings, Am. Soc. C. E., February, 1923, p. 178.” 


t Bulletins 10 and 20. ta ont ao 
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‘DIS CUSSION REINF ORCED CON CRETE COLUMN 


Riad The longest columns were tested in 35 days, the shortest in 47 days.*¥ 


c “Strength of these concrete columns varied only slightly with the slender- 
: ness ratio, which, however, did not exceed 25; but it also shows that a cacie- 
ms t tion in the consistency of the mix or a variation in the method of the placin i. 
t fair ; of concrete may produce a very great variation in strength, more than 100 — 


Toy per cent.” * * * “The strength of the column is ‘almost independent of the 


nder.{ Sendemness ratio." 


“tsi considering these tests it must be borne in that specimens 


[columns] were very carefully made.”"{ 


——. also, that the unit strength of “cubes i is greater than that of 


strength of columns is practically independent of the — ratio. 


reduction is 0. 14 for the M column with tons 16.6, the other tests. show tha a 


umns § > = 8.5 gave an unusually low value. A comparison of the author’s reduction 


. formulas with those of various ay be of interest, and i is shown i in 
= 
as, ki is 1.0; = 


a. 2.—For fixed columns, k is 0.25; no reduction for 2 20. 
B.—German regulations (1905-07): for greater than 18, a factc 


ion, 4 —For round- ended columns, L' ‘the length of the column. 


> 


— Austrian (1911): for - Sreater than 30, = P (1.72 0.024 — 


od ele os. Angeles (1915): for De greater than 15, P’ = P (1.6 — 0.4 = 


tests at the Watertown Arsenal, 1897. 
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DISCUSSION ON REINFORCED CON CRETE COLUMNS | ers 
_Joint Committee, Tentative ‘Specifications (1921): for greater than 
H1.—Tucker’s formula for plain - -concrete columns: P’ = 
_—Tucker’s formula for ‘columns with longitudinal steel only : shear 
HB. Tucker's 8 formula for with rods and “spirals: After 
‘There efore, it seems that the author’s recommendations for or reductions i in the ee: 
, 
. 
unit loads, in order to allow for the - ratio, are harsh. speaker 
also im essed by of consistency | in Table 92 Certainly there ‘was re 
Pp 
, is no reason for allowing a less reduction for plain concrete columns than for the she 
the: reinforced columns, as such reduction is meant to allow for tension 
at the outermost fiber caused by the she 
of a < 
= 
the loa 
‘Spiral. 
1.0. “608 ‘tion is 
0.96 | : 
0.92 | "BAS 
0:80 | | 05638 | 0.470 ‘Theref 
21 | 0.586 | 0.850 0.76 | 0.68 0.641 
‘ Mi 0.5683 | 0.838 0.72 | 0.60 | 0.624| 0.417 duces a 
28 | 0.542 | 0.825 0.68 | 0.56 | 0.607 | 0.890 
24 «(0.521 | 0.812 0.64 | 0.58 | 0.590 | 0.364 
25 «(0.500 | 0.801 1,0. 0.60 | 0.50 | 0.572 | 0.337 (BA +: 
| (0.410 | 0.785 0.95 0.40 | 0,88 | 0.487] 0.205 
tion; ai 
Two phenomena which concern tha failure of spirally reinforced 
have not been considered by the author: The method of failure of 
concrete, and the contraction in volume ¢ on ‘drying out. Concrete specimens, relatior 
‘ « 
= whether they fail in compression, tension, or shear, may fail ‘either by the * ee 
oe separation of the individual units making up the concrete (grains of sand or 7 the 
stone), due to the overpowering of of the cohesive forces in the cement, or b by 
7 Tupture 0 of the individual "grains. s. From observation of several thousand 


‘| ‘specimens, tested under the speaker’s supervision in the ¢ concre 


te laboratories 


Proceedings, Am. Soc. C. E., February, 1923, P. 194. 
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ay é DISCUSSION ON REIN FORCED CONCRETE COLUMNS 


of tthe University of Cincinnati, he is convinced that failures ° 


of 


“either case, , the column fails because of the low tensile strength of ‘the con- ma : 


-erete. For the tensile strain ruptures the extreme fiber in flexure, and simple 

shear is a tension along one of two rectangular axes, with a simultaneous com- . 

equal magnitude al along other. Fa ailure, , therefore, oceurs 


whenever the tensile stress overcomes the adhesion produced by the cement. 


After such failure occurs, ‘the body is no longer a homogeneous solid, — - - 


‘though the separation of the parts may be by an infinitesimal distance. "Such . 


“Generally the first sign of failure in the columns appeared in the form -_ 
‘vowssteeleal cracks, usually occurring from 0 to 2 ft. from one end, although = 


x ing the entire length” (Aberth 
sometimes extending t gth” (Aberthaw). 


“No eracks or other signs of failure were visible until the maximum : load 
was reached, except that in Column 7a a small longitudinal crack was seen in 
the shaft just below the head at a load of 2 190 lb. per sq. .in. Atthe maximum 
load longitudinal cracks developed all around the shaft of the column below 
the top of the head and extended down over the upper quarter of the length of 2b 
the shaft. The load at once fell off 20% or more.” 


“Tn some cases no cracks were visible below the maximum load. In general Yo 


ihe load fell off considerably a half ~—" viet SO o after er the maximum load was _ 


has | been settled definitely that as it Sets in air contracts. 
Goldbeck, Assoc. M. Am. Soe. C. E, establishes the contraction ata maximum of . 
(0. 0005 at 3 months. $ -Thei impor tance of this contraction in the: spirally reinforced si 
“column i is the setting up of initial stresses in the concrete and lac compression inthe © 


“spiral. Considering the effect « on the concrete, and : assuming that the deforma- e. 


tion is equal in all directions, the dilatation, equals : Se Sy - = $ a, or aa 
isotropic body, neglecting infinitesimals of of higher order than the first. 
by ‘Therefore, s is ——— or 0. 00017. This value is probably ‘excéssive, for it pro- 
a rather large. stress. The normal unit stress, p, causing this. dilatation is 
‘= (BA. Qu) where is the of shear or ; 6 is the dilata- 
— 
tion; anda oisson ratio. Boisson a and others assumed i 
that A= 4, and obtained — = 0.25 ; ; but this. is only a special value. The 


“elation b between mn these constants and E, oung’s modulus of f elasticity, i given 

1 ‘They values: of the normal stress, p, for values of and m, are as given in 
ere Am. Concrete Inst., 1915, on plain concrete columns. 


ft Am. Concrete Inst., 1915, on columns with rods only. 
Soe. for Testing Materials, Vol. XI, ‘Contraction of Concrete”. 
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the compressive strain causes lateral expansion (Poisson’s ratio until a 


srt 


ety 


=< _ The effect of such an internal stress cannot be disregarded. _ The ad 
: factor i is that the concrete shrinks away from the spiral ; in addition, the fire- ; 


: proofing outside the | spiral puts. an initial compression in the steel, ‘the amount 
of which can be found by the method of computing stresses in ‘pipes under 


action would ‘require a a spirally reinforced column to behave i ina way 


under loadings - which cause a strain less than the ultimate than under higher 
loads. This is easily seen from the tests of such columns. The ultimate strain 
of plain concrete is less ; than 0.0015; Walker finds 0. 00142 as a maximum strain, 
with 5000, as the corresponding To save "space, the tests Withey 


columns. | of spiral. rods. woh concrete. | 


2 510 

to6.1 * | 1:2 2 430 
Oi of 4 700 
tees 3 4 400 

4 5 4 100 

8 2 850 


7 


is noticeable that of the strength of the 


car: column i is developed by a strain o of 0. 0015 e The speaker believes that the action 
and failure of spirally reinforced columns is ‘somewhat : as follows: As the. 


.s igs. column sets, the concrete core shrinks away from the spiral, , and ‘the outside 


ez, concrete shell compresses the spiral. As the load i is placed on- the cc 
> strain of about 0.0010 has occurred. Beyond that strain, the concrete core, as. 
= expands laterally, presses: against the spiral balancing and, as it increases, 
4 overbalances the initial compression in n the spiral. - At an axial strain of 0. 0015, | 
: the concrete has. developed its maximum stress and fails; that is, 3, the adhesion is 


broken. i This adhesion i is aided somewhat by the tension which 1 now exists . 


* Bulletin 5, Structural Materials Laboratory, 1920. 
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the spiral. M Failure of adhesion does not occur, at first, alo along more than ‘one a 
shear plane. Additional loading tends t to spread the column laterally, which <a 7 
"prevented by the tight ‘steel spiral, and axially, which is “opposed by the friction - 
between the separated surfaces. This action is very similar to that of a loaded — _ 
ey linder of sand encased i ina sheet of paper. _ Axial loads tend to spread. the _ 


sand particles, but a surprisingly large load is required to cause failure. _ The - 


_ speaker at one time 
specimens, a and noted an increase in strength in 1 the s specimens: ns tested with 


yver that of the eylinders made in steel forms. 
Bat quote from the 1915 Repo rt of the American Concrete Institute, the 


De ‘uniform around the circumference and it varied at different parts of the length | 4 
of the column. F inally at some point the maximum strength of the spiral rein-— 
forcement: was: reached or the action of the column became very far from x 


uniform, and the load which ¢ could be was attained.” 


= 


unless there are ‘taken j into “The end conditions, the intial in 

ec concrete before loading, the « expansion of the concrete bringing the spiral into © 

rs play, and the incipient separation of the concrete ata strain of 0. 0015. Beyond 
that point, the 1 mass i is so far from homogeneous hs the ‘theory of elasticity i~- 


The hi haa refused admit the of ine measurements which 


’ gave an evident Poisson’ s ratio greater than 0. 5. In an isotropic body that 
would be impossible. The author claims that the method of measurement, the 
axial: ‘strain being “measured. over the entire length and lateral ‘strain 


localized, is the reason such values. In the American Conerete Institute 
. columns, lateral and axial strain at twenty points on the concrete and on ‘the 
spiral were determined . The following gives the average of all the readings in 


‘the test of Column 3b, 20.75 in in diameter, 14:3 concrete, 1.89% vertical 


0.94% ‘spiral steel, and no fire-proofing ¢ cover: Ds 


3 


Axial unit load. 4350 000° (450° a 800 


Tongitudinal = 0.0014 0.005 0.0085 0.0050. 
Lateral strain. ..... 0.0000 0.0008 0.00075 0.0015 0.0027 


_ Poisson’s s ratio increases very rapidly after the axial strain has passed 0. 0010; 
other words, we are ‘no longer dealing with a solid. Too much reliance — 
ca cannot be placed on the theoretical investigation, even g, the stress is below 


‘the - ultimate, because -conerete_ is 3 much more hetérogeneous than is usually 
} 


; assumed. This can be seen best from the difficulty of determining the constants | 
Mee aS has been proved that E i isa variable depending on the conditions under — 


whieh the concrete ithey r reports that at one- -fourth of the ulti- 


Mate stress, n, the E, being constant varied 
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DISCUSSION | on ‘REINFORCED CONCRETE COLU (Papers. 


- 15 in n the columns tested. At the yield ‘point, the variation’ was a 14 


The — was 0. 090 to 0.085 at one-fourth | of the ultimate s stress, and 


of concrete must be in order 


to be able to ate every one of them. | to tals 


a The author i is to be » complimented on his exhaustive treatment of the sub- 


ject, and the e: extremely interesting form and manner in which it is presented. 
It opens up several new views and methods of attack which will lead to 


valuable results in placing concrete on a more scientific basis. 


Pq W. Buet,* M. A. Soc .C. E- paragraph on page 173+ reads, in 

“As unreinforced concrete columns are never used in ‘practice, tests of speci- 

mens of this type are considered of small value. Test results of only eleven 


4 


such columns ¢: can be found. et The | author’s explanation of this statement is 
that: “They are forbidden by the code. Y ee his opening statement reads: “The 


_ Purpose of ‘this | paper is primarily to « determine, by scientific methods, values of 


safe working stresses’ ” and r refers to the Joint Committee’s snails but 
not toa any “code,” his explanation seems to be inconsistent, and, in the pepeker's 


« 


7 opinion, the limitation is unscientific, restricts the » application of | the results, 
- 


and redyces the value of the 6 trshive ne 
- a A prominent engineer has said that we have to have codes, on account of 
‘ignorant, and incompetent designers extant. ‘There i is something i in that, 

4 but do not other professions also need a codecs as much or more? In ‘the 
medical profession a really efficient code would have fully as great opport tuni- | 


ot _ Codes are subject to revision and radical sei di are also specifications 


re 


“repor ts of both of which are the products, of compromise 


We. The. 


man had pet mixture, system, column’ formula, etc. 
your specification is a composite of engineers’ hobbies, not a truly cimadatisel 2 


or scientific specification to meet conditions, scientifically drawn specifica- 
a tion may be written which will be far broader in its application and give 
ss greater economy without sacrificing safety ; but you can bet such a specifica- me 
Therefore, provisions of codes and specifications should not be permitted 
have a controlling effect. on research work. 


The author could. only find eleven tests of plain concrete columns. This" 
is only, one among ‘many instances that illustrate how valuable work of only 


fifteen or ‘twenty years ago is either entirely overlooked or else ‘ignored | by pres: 


day workers. Possibly they think the ‘experimental work was not 
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‘sufficiently scientific and accurate to be entitled to serious ¢ consideration. Per 
¥ haps it is an effect of the World War; , but, whatever the cause, ‘research net ie 


would. do well to start each new line of work with an exhaustive search for all a 
past experimental results bearing on the su abject in hand. In this case, it 
happens that the U. ‘Ss. Government publications, ‘Tests of Metals: and Other 


Materials” made on the testing “machine at Watertown Arsenal, for ‘the 


ears from 


: plain a nd of 64 were of or mortar. 
series are very interesting and instructive. The earlier” ones were 
included in a work by th the speaker, published in 1906, \ shich has hed wide distri- 


‘bution, They show conclusively that cement is s cheaper than ‘Steel for 1 reinfore- E 


5 
concrete columns; that a very rich concrete column, without reinforcement, 
will do ‘the work for less. cost than a column of lean concrete reinforced 


Ww ith steel. __ They also show ‘the low efficiency of hooping for rich conerete, 
‘There are also reported. in the same volumes nineteen tests of columns with 


mixtures, made for the. purpose of determining | the load sustained by 
the e concrete, and the load sustained by the steel, in columns with longitudinal 


- The author seems to give. e the impression that these determinations 


‘would be difficult to manage. It: vould. seem to be a comparatively ‘simple. 


matter to make such determinations with extensometers. 
_ In many places, the use of plain concrete columns is perfectly good, and gives _ 
‘the greatest economy, but certainly steel reinforcement should always | be ‘used 
where there is eccentricity of loading, transverse loading or bending, or where 


the b beam and girder connections wai details make the latter continuous with | 


; ‘the column, consequently throwing | bending into the column, and ) whert wind 
‘is carried | by bending in the columns. a Thus, in « city work, where buildings 
2 sev eral | or many stories constitute the bulk of the structures, longitudinal — 
i reinforcement will be generally necessary, and it may be quite proper to require 
¥ it by the code, but in many places far afield the requir ements are’ very different 


wee ‘The restriction of plain concrete columns to a length of six diameters does — 


. het ‘seem to be justified. Plain concrete is, or can easily be made, as good | as 


— stone, and lengths of nine to ten diameters occur in several of the classical 


orders, ~The speaker thinks: ten to twelve diameters” should be permitted in 
certain structures and under conditions. 


ferring to Fig. 2, author gives “representative line” for the rela-— 
(a) 18, 


“to! ‘cylinder ‘strength? » The line e does not appear to fit the pe points plotted from 


the test records, ‘and - is not conv incing. ng. Although it would be. preferable to 
2 great many more points to locate such a line any assurance, 


ie far as they go, they certainly indicate ‘a line coincident with the 100% 
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1 light may be shed on the m the 
author, that his ‘‘ representative line” does not cross the 100% line at — = 2, 

if, in fact, the discrepancy does not entirely disappear. Bs ‘If 100% v were used for 


values of — up to 10 or 12, it it would, be in® accord wi ith past practice \ with 
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MEMOIRS or DECEASE 1D MEMBERS 


NoTEe.—Memoirs will be reproduced in the volumes of Transactions. Any information _ 
_ which will amplify the records as here printed, or correct any errors, should be forwarded to | 
the Secretary. the final publication. 


Decatur Axtell, the son of Almon and Sophronia (Boynton) Axtell, was 
at Elyria, Ohio, on February 8, 1848. He was descended from a near 
gelative of Daniel Axtell who was styled one of the twelve “Regicides”, who 
~ condemned Charles I to death, ten of whom, including Daniel Axtell, were a 
hung at at Tyburn. Daniel Axtell w: ‘was a Colonel in the Army of Oliver | Crom- 
> well and an intimate friend of ‘Cromwell and his family. — The Axtells, from ; 
whom Decatur Axtell was descended, were loyal to the | Crown, and pronounced 
- Daniel Axtell a . fanatic; but the ignominy of Tyburn, and the disfavor of the = 
name thereafter, drove one of the Royalist Axtells to join’ ‘the “Pilgrim : 


Fathers”, wh hich accounts for the Massachusetts ancestry of Decatur Axtell. 


His ‘mother, through the Delanos on her mother’s side, traced her lineage to 

Axtell received his early education i on in Ohio, and during and 1867, 


He began railroad care career on March 1864, he w “was engaged as 


rn 


: ‘Assistant. Engineer ¢ of Construction on a eae) of the line ‘south of leone 2 


After a year at Illinois College, ‘Mr. Axtell, became ‘Engineer of Construe- 
tion, » Tunnel Division, of the St. Louis and Tron Mountain Railway, and held 
rom the latter date 


7 In January, 1872, Engineer of the St. Louis, Tron 
Mountain und Southern Railway and Chief Engineer of the Cairo, Arkansas 
| and Texas s Railroad, and held these positions v until J anuary, 1875. Fora period e; 
| of five y years, until J uly, 1880, he served as Assistant Engineer and Division 
J§ Superintendent of the St. Louis, Iron Mountain and Southern Railway. — ee 
tad uly, 1880, Mr. Axtell was appointed General Manager of the Richmond — - 
Allegheny which was. then being constructed, and remained in 
position until April, 1882, when he appointed ‘Vice-President and 
= General Manager. — He served in ‘this capacity until June, 1883 » when a 
Company was declared insolvent and he was appointed Reser and Man-- 
ager. At the end of his’ Receivership in 1889, he was elected Second Vice- 
President of the Chesapeake and Ohio Railway, v which Company had acquired a 


Richmond, 1 
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(Memoirs. 

oo Ax Axtell then began the task of suebobiliteting the property of ‘the Chesa- 
peake and Ohio Railway Company. In February, 1900, he appointed 
-Vice- President, holding this position until ‘February, 1918, retired. 
He was so o closely connected with the work of the REO RE and Ohio Rail- 
way Company that almost every part of the System bespeaks | of his prescience, 
‘He was was also ‘prominently connected with other railroads. 1899 to 
1903 he President of the Toledo and Ohio Central 1 Railway and Vi 
resident of the Kanawha and Michigan ‘Railway. ‘From 1903 to “April, 1908, 


he was Chairman of the Board of Directors’ of the Toledo and Ohio Central 
‘Railway, and from 1903 to 1910 served in the sarhe capacity with the Kanaw ha 
and Michigan Railway. April, 1910, he became Vice- President of the 
; Hocking Valley Railway, his services as such terminating ‘when he retired as 
Vice-President of the Chesapeake and Ohio Railway. bowen 


Mr. Axtell died suddenly on November 27, 1922, at his he home in | Rich- 
_ mond, Va. He 1 was married to Miss Ellen “May Cantrell, a daughter of Dr. 
Ww illiam A. Cantrell, of Little Rock, Ark., who survives him. 


ee Mr. Axtell was known as a reticent man. . He was ealled * ‘the silent -mem- 


of the Board of Directors. In affairs, he moved with caution, 


of vast undertakings and the expenditure of large sums of money. 7 here- 
- fore, his advice had great weight with those who trusted him with the man- 


agement of their affairs. He reasoned with meticulous exactness and was 


always ready to to defend his conclusions, as well as to listen ted 


He» was an engineer who thought in ‘the finest « categories of hat profe 

ion and his his engineering He also” an able: 


“trying circumstances, a man with utter directness ever gave the best 


bite So that was in him and who by a a gentleness and courtesy all too rare, and with 
aa ie intelligence, made the obeyance of his orders a pleasure to those under him. 
. He was President of the Virginia Hot Springs Company fron m 1891 to 


1911, and of the White Sulphur Springs. Company from 1911 to 1918. He 


was s also.a a member of the Historical Society, the South His- 


‘ 


a ‘Mattie of American Society of Civil E ngi- 


CH ANNING MOORE BOLTON , Am. Soe. 


Moore Bolton, the fourth son bap Dr. “James and Anna 
6 a 
(Harrison) Bolton, was born at Richmond, Va., on J anuary 24, 1843. “Hs 
Memoir on file at the of the Society. 
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City. . He afterward studied theology and was ordained as a clergyman of the 
‘Protestant Episcopal Church, but returned to the practice of medicine 
Rail- "Richmond after a brief period spent | tin the ministry. te The Bolton family i is of 


ence, English ¢ origin. Its p pedigree has been traced toa period following the Norman — 
Conquest when the family ‘possessed large estates in Yorkshire and Lancashire. 
99 to ie Channing Moore Bolton received his early education at ‘several private — 


Vic e- & primary schools and at the preparatory school conducted by Mr. ‘William D. 
190 ®, | Stuart in Richmond. In 1860, he entered the University of Virginia where i 


0 studied Latin, French, and mathematics. In 1861, he joined one of two student 
companies from the University that entered the Confederate Army, and 


f the 
three forts near ‘Bitooke ‘Turnpike. base. 


1862, he was employed on the construction of a 
“between Danville, Va., and Greensboro, N. C. , and « continued in the ‘gees 
engi neering service holding the positions of Rodman, ‘Transitman, ‘and Resident 
En ngineer in the Confederate Army. In the spring of 1863, he was commis- 


mem- 
-_ ioned a Lieutenant of Engineers in the First Regiment of Engineer Troops - 


ition, 
and ordered to report. to Major- General Pender, of A. P. Hill’s Army Corps, 
Dis 
to act as Engineer Officer on, ‘Staff. joined General Pender 
Winchester, and accompanied him on ‘the campaign into Pennsylvania 


where J he took part in the Battle of Gettysburg. 
eal Lieutenant Bolton assisted in the construction of the pontoon bridge across 
the Potomac River over which the Confederate Army crossed on ‘its 
a V Virginia. He was in charge of the bridge when the crossing ‘took place and | 
A also caused it to be destroyed when the Confederate troops “were safely over, 
just before the arrival of the Federal forces. He took part in of the 
battles fought by the Army of Northern, Vi irginia. 

Bolton continued in the Army ‘until the end of the war in 1865, 

"this period suffered many hardships and privations. After a few months ‘spent = 
in Southwestern Vi irginia, he returned to Richmond. In 1866, he surveyed, 
~ located, and constructed the Clover Hill Railroad i in Virginia. 2 In ‘the a 


& part of 1866, and i in 1867, he was engaged i in constructing the ‘tunnel ¢ at Rich 


rofes- 
able 
is he 

most 


TO 
mond for the Richmond, Fredericksburg, and Potomac Railroad, : and from 1867 
7 to 1869 he was Resident E ngineer of the Louisville, Cincinnati, and Lexington _ 


From. 1869 to 1874, he was Engineer of the Chesapeake and Ohio 


in charge of construction, of a part of the r road between Covington, Va, and 4 
hite ‘Sulphur Springs, W. Va. was one of the heaviest pieces. of rail- 
‘toad work constructed. to that time. Mr. Bolton then ‘organized and was in 


¢ harge of a party of engineers, -which located the road down New River i in West 
ag Vi irginia, a very difficult enterprise. After locating the line from Richmond ie oii 
Newport 2 News, Va, he located and constructed a double- track tunnel a mile 


Ci 
long, under Church Hill, Richmond, whieh arduous undertaking was success- 
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MEMOIR OF OF CHANNING 


From 1876, to 1879, ‘Mr. Bolton was United Engineer in 
re charge | of the canal around the Cascades of. the Columbia River in Oregon, 


and designed all the plans for this work. In 1879 and 1880, he was Division 


_ Engineer of the | Richmond and Allegheny Railroad and he also had charge 
oof the location and _ construction of that road from Richmond to Lynchburg, 


i. Va a., which involved the changing of the old James River a: and Kanawha Canal 
“a From 1880 to 1881, he served as Engineer and Superintendent of the 


Greenville (Miss. Columbus and Birmingham Railroad, and from 1882 


During 1879 and 1880,. Mr. Bolton was President | and of the 
Richmond City Street. Railway which included all the street railways: in 


ara). Richmond at that time and of which he finally became sole owner. He opera* ed 


a these lines with | great efficiency and eventually ‘sold them at five times the 

Mr. ‘Bolton resigned as Chief Engineer of ‘the Southern Railway in 1895, 


“Fai 


and moved from W ashington, to his farm in Albermarle County, _Vir- 
: ginia, engaging in private practice as a Consulting Engineer. In ‘May, "1907, 


under contract, he built two near Garrison, Mont., one a double: track 
tunnel for the ‘Northern Pacific Railroad Company, the ‘other for the 


Chicago, Milwaukee, and ‘St. Paul Railroad Company. 
Among his numerous activities may be mentioned that of President of 


the Charlottesville Street Railway Company and Charter Member and Director 

Country Club, ‘Trustee of. ‘the’ “Miller § School ‘Board, member ‘of the 
4 ss wines’ Board of the 1 University of ‘Virginia and of the Executive Committee 
of the | University of Vi irginia Alumni Association, and a Trustee of St. 
mt. Paul’s Chapel, University of Vi irginia. He drew the plans: and super vised 

% : ‘construction of the beautiful Church of Our Saviour at Rio, Va., of 


q which he was also a Trustee. 


1911, Mr. Bolton became of the People’s of Charlottes: 


ville, Va., and in 1913, he was elected President of the Miller Board of the 
University of ‘Virginia. ‘He was also” President of the Board of ‘Trustees 
: of St. Anne’ 8 School at Charlottesville and Chairman of the Highways Con- 


mittee of ‘the ‘Charlottesville Chamber of Commerce. During the World 
— r, he served as Chairman of ‘the Local Board. Tn every | capacity, he w worked 


Bolton ‘contributed papers and reports to the the Chief 


of ‘Wniineted ot the United States Army for the years 1877, 1878, and 1879. _ 


= was mnatried on February 17, 1874, to Miss Lizzie Calhoun Campbell, 


died on October 6, 1889. - ‘His second wife, whom he mar- 

ried | on J 6, 1894, “was ‘Miss ‘Baldwin GE Ala. He 
‘by his widow, his daughters, Mrs. J. Thompson Brown, Jr., of 

Rock ‘Hill, 8. Mrs. W. Allan Perkins, of University, and Miss Cecile 


"Baldwin Bolton, his son, Channiig-Moore Bolton, and his ‘bi 
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“MEMOIR 0 OF SHIRLEY CARTER 809 
‘His constructive ‘ideals and deep interest in the welfare of the community — 


in which he lived will stand as a memorial of his worth, and the -accomplish- 
- ments of his | vast energy are an index of his desire to serve his fellow men. 
deterred him from unswerving | fidelity and faithful service to 


ause the. Protestant Episcopal Church, and devotion to his and 


i 


ine 


SHIRLEY CARTER, M. Am. ‘Soe. 0. E. 

Shirley Carter was born in Richmond, Va. on J anuary 4,1 1869. 


a lineal descendant of the original Carters, ‘ee! settled in Vin vinia “dali in the 7 


He first the Government ‘service on August ing in 


various grades in the Baltimore Md, District of the Engineer Department, 
United States Army , until October 19, 1892. From October 25, 1894, to Novem- 
; _ ber 80, 1895, he was employed i in various capacities in the Wilmington, Del., 


im District. From. September 23 to December 1896, he appears | on ‘the rolls of. 


the Montgomery, Al a, office. He then worked in a private capacity until 
October, 1902, 0 on which date he re- eutieneh the Federal service in Norfolk, Va., 


and served ‘continuously this District up to ‘the time of his death. “On 
January 1, 1907, he was promoted to the final and highest grade in the se service, 


_ At the time of his death, ‘Mz. Carter had ‘immediate charge 07 over all the 
river and harbor improvements i in Norfolk Harbor and tributaries, the Inland — 
W aterway from ‘Norfolk to Beaufort, N. improvement of Thimble 


<i visits 


Shoals Channel, and of the Nansemond and Pagan Rivers. These’ projects 


a involved the ‘expenditure of many millions of dollars, and their success ‘hae 


been. due in no small measure to Mr. Carter’s energy, foresight, good judg- 


integrity, and unswerving loyalty t duty. He supervised 
operation: and repairs of all floating pla nt in the Norfolk District. this 
work he was especially capable and w well qualified, on account of ‘Kis long 


"experience in the operation and repair of floating plant of all kind. IDE 


To quote from one who knew him well, as a friend and as -worker : 
“Mr, Carter was considered by all the employees who had worked with wy 


him as a hard conscientious was a man ye 


‘ 


‘Hi ‘early death 1 removes the service an ial true- 


hearted employee, and leaves with those who were privileged to enjoy his _ 


friendship a keen ‘sense of the loss of a friend who never failed ‘in time 


= 


Memoir prepared Jervey, City Megr., Portsmouth, 


= 
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OF RICH. HEN woop 
Me: Carter. was elected a Junion.of, the, of Civil 


neers_ on May 31, 1892; an Associate Member on October 5, 1898; and a 


RICHARD HENWOOD GILLESPIE, M. Am. Soe. 


é 


1867, his willie Gillespie ond Elizabeth Henwood 


Gillespie. _ After” completing his common “school course, he entered Union 

College, Schenectady, N. 4 and was with the of Civil 


he was Engineer for contractors on nthe I Little Falls and Dolgeville Rak 


dalena R sailroad, Colombia, South. America, In 1894 and 1895, he was again 


Engineer for contractors, this time on Sections 10 and D of the Chicago | 

ae From 1896 to 1907 | Mr. _ Gillespie was continuously in the service of th 


a _ City of New York, as Transitman and Assistant Engineer in charge of con- a 
in ‘the Borough of the Bronx. 1907 to 1910 he was Engineer 


he construction of, a large sewer outlet in the 


Borough of the Bronx, and a section of the Catskill Aqueduct. During this 
, he designed a a concrete form { for sewers and aqueducts which w 


ee patented and adopted by a well-known: firm of conerete form m manufacturers. 


From 1910 to 1918 Mr. Gillespie was Chief Engineer of Sewers and Hig! 
ways , Borough the ‘Bronx, New. York City, during which | time 
$2 000 000 to $3 000 000 ‘was expended. on highway and work ‘each year. 
“ee In 1918 he took charge of the construction of ‘sanitation. work at. Nitro, W. a 
Vv a. ., for the smokeless powder plant there, and on January 1, 1919, he | coed 


Engineer and General Manager of the ‘Traylor- -Dewey ‘Construction 


&g ind Company, doing cement gun work principally . In the spring of 1 1921, he 


is © contracted a serious illness which resulted in his death « on July 1 5, 1991. J 
Gillespie was_married in 1896 and left a widow, Mrs. “Hortense J. 


the location: and construction; Eastern Division of the ‘Castagena- 


ciated his | sterling character, engineering ability, and painstaking application 


= His friends and associates sustained a great loss in his death, appre- 
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OF HERBERT THOMAS GRANTHAM 
a (Bootes) Grantham, 
England, born at 15, (1868 8, and 
his early education i in the elementary and High Schools of his native town. 
bw After his graduation from the High School, he immediately entered the 
- employ of the Union Bridge Company, of Athens, Pa. » one of the first com- 
panies in the United States to cons struct all- steel br idges. He , remained in the 
service of that company several years, then accepted ‘more. responsible 
duties with the Edge Moor Bridge Works, near Wilmington, Del. cere : a 
A Later, , he was s stationed in “Philadelphia, Pa., where he was associated 
with some of the most ‘prominent bridge and s structural steel companies of 
the East, i and in 1898 ‘became Chief. Engineer of the Belmont Tron Works. 
His energy, courage, and devotion to duty were inspirin 
he he came in contact, and his wise counsel added much to the prestige and 


of the company. In 1918 he was made its Vice- President. 


He was to his business associates: as a man of sterling 


the spring ‘of 1893 he was married to “Miss Alice Burton South,. who, 


w with a a son, Leslie Burton Grantham, and a survives him. 


ivi Engineers on February 5 5, , 1896, a Member on n May 7, 1, 1902, at 
his death held membership i in n the Union 1 League of Philadelphia, ‘Philadelphia 


MOULTON, M. Am, Soc. ©. E.t 


Moulton born i in Manchester, N. on February: 15, 1855, of a dis- 


‘ti inguished family, his father being : a man of great scientific attainments, and 


his g grandfather, whose name he bore, at one time a Congressman from New aa 
In 1872, ‘Mr. Moulton entered the preparatory department then 
maintained by the Thayer School of | Civil Engineering, on the discontinuance 
ea which his | preparatory studies were made in the Chandler Scientific 4 
ment. His studies were interrupted from time to wie in 
After his graduation, and for six months, u until March, 1870, was 
tant E Engineer in the Department of Maintenance of Way of the Eastern Rail- 


‘road, at Salem, Mass. _ Then, for 1 most of the time during the next four years A 


Memoir prepared by George S. Webster, Past- Am. Soc. BE. 
_+Memoir compiled by Robert Fletcher, Am. Soe. _C._E., the first part. -rfom an 

bituary in the Dartmouth Bi-Monthly for June, 1909 ; the second part from corresponden - a 


and data in the office of the Thayer School of Civil Engineering. 9 yhemdals oy tT 
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Ohio River ‘at Louisville. In -1886- 87 he was for two years Engineer of 


he was astocintel with the late C. Shaler Smith, M. Am. Soe: ©. E. , of St. 
Louis, Mo., the noted bridge | engineer, who designed : and built the first eanti- 


lever bridge in the United States. During this period 3 Mr. Moulton designed 


From: June, 1883, to December, 1884, ‘he sa as Principal Assistant 


. Engineer to the Edge Moor Tron Works, Wilmington, Del. ‘i In 1885 he was” 


—¢ hief Assistant in the construction of the Kentucky and Indiana Bridge over 


WE OOH 


Bri dges of the Colorado and Midland Railway, designing and superintending 
the. construction of all the bridges and buildings of the road. between Colorado 
‘Springs and Leadville, Colo. or a year and a half, in 1888-£ -89, he was, in pri ivate 
= pri actice in Boston. In 1889- 90, he was for two years Consulting. Engineer of 


the Berlin Iron Company, of East Berlin, Conn. inte 


1891 to 1896 Mr. Moulton was Chief Engineer of the R. F. Hawkins 

Iron Works, at Springfield, , Mass. building Tany important railway and 

highway bridges and many iron and steel frames for buildings. From 1896 

a ~ to 1903 he was engaged i in private practice in Springfield, designing and con- 

"structing many steel structures” throughout New England, and acting in a 


consulting capacity for various cities and railroads. urvoad. 


Since 1903 Mr. Moulton was a Consulting Engineer in New York City. 
. Among his tasks v was s the ‘reconstruction o of the bridge across the Hudson River, 
- Poughkeepsie, an exceedingly difficult and complicated piece of engineering, 

_ which was accomplished successfully, the expenditure, nearly $1 500 000, being 
within the original estimate. in 1907 he was made President and Chief 
Engineer of the “Milbrook Company and its Allied Companies, capitalized at 

$20 000 000, and aiming to provide rapid transit for the northern “part of 
N vew Y ‘York City and the neighboring parts: of We Westchester r County. - This posi- 

tion he held at the time of his death. aye 
ane Moulton’s first wife, Emma Blaisdell, of Hanover, N. H., dint during 5 


ba It is appropriate to add a few ‘facts concerning the earlier years of a 
- Moul oie hen a student he often surprised the writer by a certain 
= ‘f precocity (he lo looked younger than he was) when he betrayed unex- 


pected aptitude i in his grasp of engineering principles and details of practice. 


fine artistic. sense. When the one of Edison’s “electric pens” 
(the precursor of ‘the mimeograph) for manifolding purposes, he designed 


and printed ornate head which showed his artistic skill, with | 


Moulton’s greduating thesis, on the Haverhill Mass.) e, 
then just finished, was a ‘model in completeness and execution. With eee 
: Bo suggestions from his instructor, he made the measurements by himself on the 
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description and was in 120 manuscript 
. “pages and more than 25 ) diagrams and c colored drawings. Undoubtedly, this — 
was the means of his receiving, about a year later, an offer from Mr. C. Shaler 
_ Smith, to take him as an Assistant. During his course of training under this 
distinguished bridge designer, ¢ of whom he became an apt and devoted item 
Mr Moulton occasionally communicated with the writer telling of his work, 
sent interesting notes, , sketches, and descriptions exhibiting Mr. Smith’s 
~ methods and several novel and original features of designs from the master 


‘mind. Among these was Mr. Smith’s novel device for hanging the railroad i 
‘tee Royal Gorge | of the Arkansas River from iron rafters spanning the : narrow 
¥ ‘stream ; also M Mr. Smith’s ‘predilection for the use of the: continuous girder in 
certain eases; and his ingenious use of a link ‘the end panel of double- 
intersection trusses to distribute automatically the stress in the two systems 
as to diminish the He told the writer afterward that Mr. Smith 
“believed i in young men.” ’ Certainly that was so. in this case, for Mr. Moulton 
was entrusted with the entire design of the Sabula Drawbridge, under the 


— gov verning conditions — by Mr. Smith. The notes and blueprints relating 


It was during the student days of Mr. that the of graphic 
sites was brought to the notice of the Profession by the late Professor , ee a 


DuBois, M Am. Soc.. C. E., of ‘Yale,’ ‘through Van Nostrand’s Engineering 


Me agazine. Mr. Moulton at once became an enthusiastic disciple in ‘mastering — 


ust before his death, ‘Mr. Moulton was elected President of ‘the ‘Thayer 


y of Engineers, of later’ years, he gave the 


impression of 
Profession, an example which if more ‘followed, would en ‘enhance the 


oe 


general and | public which should be accorded to it. 
Mr: Moulton w was elected a Member of the Society of ‘Civil 


ROBERT MORRIS NEWMAN, Am. Soc. C. 


Yor 


a 


Robert Morris Newman, ‘the s son Edward ‘Eliza Newma 


Cheltenham, England, or on August 1, 1, 1839. He was educated at the Univer: 
sity of Montreal, ‘Canada, and on on Jai anuary 8, 1859, was articled for three year years - 
to J Joseph h William Burke, a practicing Civil Engineer and Provincial Land 


ors ‘Surveyor, of Canada. He practiced afterward as Civil Engineer and Sur- 

From July to November, 1865, ‘Mr. _Newman Assistant City Engi- 


4 


eer of the City of Fort Wayne, 1 Ind. From December, 1865, until October, 
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4 ruary, 1871, he was Resident Engineer of the Bn shenaget Like > Railroad 
the rea Line Division of the Michigan Central Railroad) during its 

construction between ‘Jackson and Niles, Mich., distance « of 103 miles. 
: = From February, 1871, until August, 1873, Mr. Newman was a Resident 
Engineer and then Principal Assistant Engineer for the ‘Michigan Central 
Railroad, being stationed at Jackson, Lansing, and at. Cheboygan, Mich. 
During this period the present passenger station at Ja ackson was built ‘under 
supervision, also locomotive shops and houses, water ‘stations, second 
tracks, ete. The late Henry A. Gardner, M. Am. Soe. C. was then Chief 

From August, 1873, to some. time in 1875, Mr. Newman was s Assistant Engi- 
neer on the Erie Railway. then returned to Jackson, where he.remained 
until about 1880 and where he was married to Miss Kate Smith, daughter 


= Hiram H. Smith. During this. period of his residence i in Jackson, he was 


engaged ; more or less as an Assistant or Resident Engineer with the Michigan — 


During 1880 and 1881, “Mr. Newman was Assistant Chief Engineer with 
the Northern Pacific Railroad, being stationed at J amestown, Ss. ‘Dak., and 


Rrcse-ncerss Mont. In 1881, he went to ‘Minneapolis, Minn., and became interested 7 


in the manufacture of newsprint paper, the firm name being Warner, Newman BS 
and Elfelt. He remained. in Minneapolis: until 1887, and then returned 
Jackson to become City Engineer, taking office on April 16, 1888, ‘This posi-_ 


oath From 1902 until 1910, Mr. Newman was Manager of the silos Vehicle 


Company, retiring when this concern was reorganized as the J ackson 
nobile Company. He was a Director of the Longyear and “Mesaba Land and 


Tron Company of Minnesota, from about, 1895, and made occasional trips ta 

- Mr. Newman served from 1903 to » 1910 as V restryr man of St. Paul’s Protes 


[= 


nt Episcopal Church, of J ackson, and was a member of the principal local 


aalic He was a dignified and courtly gentleman and a capable business man, 


as well asa thorough engineer-executive possessed. of excellent judgment. —_ 
Mr. Newman as elected Member of the American Society « of Civil 


KENT SELTZER, Am. Soe. C. E 


t Seltzer, the son ‘William 1K. Seltzer, Emma nll 


at 
34 


) tisk. 


Memoir prepared by L. S. Stewart, Affiliate, Am. Soc. C. E., E. E. 
B. Case, Members, Am. Soc. C. B., and §. Esq., Detroit, Mich. 


1868, he served as Assistant Engi We 
Chicago Railroad. From October, 1868, until April, 1870, he vesid 
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MEMOIR oF H ARRY KENT SELTZER 


received the degree of Civil in 1895, the service J. 
W: ‘addell, M. Am. Soc. C. E., and went to Sioux City, Iowa, as Assistant to 
Tee Ts readwell, M. Am. Soe. C. E., Resident Engineer on the construction > 
bridge over the Missouri River... During the early part of 1896 he 
Inspector of Superstructure on a bridge over the ‘Missouri River at Jefferson _ _ 
City, Mo. In May, 1896, he entered the employ of the Kansas City So vathern 
Railroad, n preliminary and location 
work in a portion of this 


Inspector on the foundations for the Calcasieu Riv er Bridge’ at Lake Char les, 
this 


Philadelphia, Pa. . During the ‘college year 1898- 99 he 1 was: Instructor i in . Civil 
; E ngineering at the University of Texas, after which he spent : six months as_ 
Resident. Engineer for ‘Waddell and Hedrick on the construction of bridges 


along the line of the V ‘era Cruz Pacific Railway, in the State of V = 


Cruz, Mexico. was during the beginning of construction of that road, 


conditions were very, primitive. While there, Mr. . Seltzer almost suc- 


-cumbed to a severe attack of yellow fever. volt 


ele After a year ‘spent in Kansas City as Designer and Contracting Engineer 


an 
_ for the Midland Bridge Company, he returned to the employ ment of Waddell a4 


Hedrick, in April, 1901, with whorh he was associated. until “May, 1906. 
= ‘this period he was stationed first at Alexandria, , La. as Resident 
Engineer o n a bridge over the Red River. In May, 1902, he went to New 
w estminster, RC. Canada, i in charge of the e construction of t the Fraser River 
This structure was notable for ‘the main pier foundations sunk by 


saaiileheas i methods in 60 to 80 ft. of water toa depth of 188 ft. below the — 


w ater: surface, and in a current, at times, extremely rapid. ane 


3 


* ei hile at Westminste er, Mr. Seltzer was also in . charge of work for the 


Great Northern Railway at Vancouver, B. Canada, all of which reflected 


great credit on his resourcefulness and executive ability. During the year 


ring May, 1905, he was in charge of the reconstruction of ten bridges 


the International ar and Great Northern Railroad, in- Texas, where the work was 


May, 1906, Mr. Seltzer was employed by ‘the: Missouri ‘Valley 
and Tron Company, Cc idge, 
at Morgan City, La., for the Pacific Railway Company. he 
charge of ‘sinking pneumatic caissons to a depth of 105 ft. in 70 ft. of water, 


rae 


and with a very soft bottom which developed little supporting friction. MSI inal 


» Sr grits 


At the of this work, Mr. Seltzer’ became a Member of the Tnion 


Bridge and Construction Company, and from 1907. to. 1912, as” Constructing 
Engineer, he ‘contributed in no small way of 


large contracts. At Portland, Ore., 


foundations for the Oregon- Washington Railroad 
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‘MEMOIR OF “HARRY, KEN’ 


‘pany over the Willamette the n main piers were sunk by 
‘= methods in 85° ft. to a dey pth of 133 ft. below the 


$500 000. and: 4912 hb ‘was s stationed City, 
_but made trips” to directed the work on 
foundations for the Broadway Bridge over the ‘Willamette River. This 
substructure consisted. of four main piers, sunk k by the pneumatic process, 
and other ¢ open foundations : at a total cost. of $750 000. The contract for the q 


‘foundations of the bridge over the Yellowstone River, Mondak, 


fo r the Great Ni orthern Railway Company, during this 


Mr. | Seltzer’s capacity to handle men and materials and to draw about 
him and hold those whose ability, loyalty, and earnestness were bey rond ques- 


tion was now recognized by his promotion to the | position of ‘Vice- President 
Chief ‘Engineer. the period from 1913 to 1918 the firm constructed 


‘the’ crossing g of the Ohio River TIL, and the Railroad 
Bridge over the Missouri River at Kansas City. ‘The complete satisfaction 


frequently expressed by the officials of the railroads for r whom tl these works 


To were executed reflected in no small degree the untiring zeal and ‘resourceful 
ability” which Mr. Seltzer constantly applied his work. ‘The reputation 


Sou for: rugged honesty and efficient production which he and the organization 5 


built around him enjoyed has often been a subject of comment, 


= During the war period, 1917-19, he was stationed at Morgan City, La., 


as Manager of ‘the Emergency Fleet _Corporation’s ‘shipyard, and built n 
ships, every one. of which was put into commission. This yard was a source 


great ‘satisfaction to the Shipping Board officials at a time when many 


eo connection with the Union 
Bridge and Construction Company, and the F oundation Company 


of New York at Kansas af bust 


He died suddenly on December 30, 1921, at City, Mo., only a few 


days after his return from a business trip in the East. 


One of his ‘friends writes: ot aot bry 


lived: ‘there, and since that time we have been more or in 
contact throughout all his work. Throughout his entire career he always 
_ commanded the confidence and respect of every one with whom he came into | 
e was so universally esteemed that I cannot recall ever hearing 
any one say anything derogatory about him, and I do not think I have anot ther : 


eoneerning, I have mot t heard some eriticism.” 


who, with two children, survives him. 
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Memoirs.) MEMOIR OF EDWARD 1 8 


* He was was a member of The University Club of. Kansas City, the Delta Tau a 
Delta Fraternity, and the American Association of Engineers. 


_ Mr. Seltzer was elected a Junior of the American Society of Civil Engi- 


“neers on February 4, 1896; an “Associate Member on J anuary 2, , 1901; and a 
EDWARD BALLINGER TAYLOR, M. Am. ‘Soe, Cc. 


& 
ns 


Fe 


7 


1886," 
Taylor. His parents” were members of the Society of and he was 


3 ‘trained i in the tenets o of that faith. The ideals of integrity, d devotion to oy, 
and kindliness, inculcated by that training “were reflected in his character 


‘Taylor was” prepared for college at the Westtown, Pa., Boarding 
: “School, and i in 1866 entered the Sophomore Class at Haverford. College, from 


titties 


which he was graduated in 1869, receiving the degree. of Bachelor of ‘Arts. 
4H He then entered the Polytechnic College of 1 the State of Pennsylvania where, 


in 1870, he was given the degree of Bachelor of Civil Engineering. From the 


gs same institution, in 1873, he received the degree of Master of Civil Engineering, — 
J uly : 25, 1870, Mr. Taylor entered the service of the Pennsylvania 
Railvoad Clerk in the office of the ‘Superintendent ¢ of the Middle Division, 


Harrisburg, His efficient s service won. rapid advancement, and in 
 Septeniber: 1871, he was promoted to the position of ‘Supervisor, and six months — 


later, on March 1 1, 1872, was appointed Assistant Engineer of ‘the: Middle 
Divi ision. He ‘eontinued in that office until January 1, 1875, when he was 
transferred to. a similar position on the Pittsburgh Division. 


ahi. On J fuly 24, 1876, just. six. years after entering the service of ‘the Penn- ‘on 


sylvania Railroad, he was made Superintendent of the Lewistown Division, - 


g i ith headquarters at hereon Pa., , where he remained until J anuary 1, 1879, 
Ww 


On September 1, 1879, he ‘was to the West of 
made Superintendent: of the Pittsburgh, Cincinnati and St. Louis Rail- 


way. was promoted on April 1888, to the position of General Superin- 


-tendent of the Northwest. System, and on March 1, 1890, to that of General 


‘On Decer mber 27, 1901, Mr. “Taylor was “elected Director and 
President of the Pennsylvania Company and of the ‘Pittsburgh, 
y. On January 9, 1907, 
ame Third Vice- President, and | on “1914, Second Vice- Presi- 
also served. 
‘President,’ Vice-President, or Director of fifty- two or affiliated 


‘ * Memoir prepared by W. Lie Haines, M. Am. Soc. C. E. ‘ 
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MEMOIR OF EDWARD BALLINGER TAYLOR 


~ 


"companies of the Pennsylvania System. On March! 1, 1920, having attained 


a age of seventy years, he was, in accordance with the provisions of the 


7 Pe Pension Department of the Pennsylvania System, retired from active service. 


ot In addition to his duties as an officer of the Pennsylvania Railroad, Mr. — 
faylor was for more than twenty- -five years a nang of the First National — 


Bank of Sewickley, Pa., and was for some 1 time a Director of the” ‘Second 
_ National Bank of Pittsburgh, , Pa. and, after its merger, of the First- Second 


: the time of his death, Mr. Taylor had been for many years a resident, 
i or Sewickley, Pa., and had always taken a keen interest in its needs and activi- 
i ties. q Since 1891, he had served as a member, and since 1895, as President, of 


its Board of Water Commissioners, and it due largely. to his efforts and 
supply w: was brought to its present status, 


as one ‘of the most ‘economical i in ‘the State of Pennsylvania. was 
one of the original members of the Board of Trustees of the Sewickley a alley 

Hospital and of the ‘Sewickley. Young Men’s Christian Association, and took 
an active part in the work of | both institutions. eoaers served as ‘President 


the Corporators: of the Sewickley Cemetery and of the ‘Edgeworth 
He was a member of the ‘Allegheny Country Club, the Pittsburgh Club, and 


Academy of Political and Social Science, 2 and of the Pittsburgh “Aeadens 


iia was a Charter Member of the Engineers’ Society of Western ve 
esident of that Society in 1886, and a Director i in 1887 and 


> 


_ Although Mr. Tay lor never forsook his allegiance to the Society. of Friends, © 
r was for many years a communicant of St. Stephen’s ‘Protestant Episcopal 
ee Church in Sewickley. He served as a V. estryman and ‘as a member of the 


Building Committee of this church, and was largely instrumental in securing "hy : 
the replacement of the old frame building with ‘the present handsome wed 


the: Bankers Club of New ‘York. He was also a member of the American 


3 edifice. _ In his later years, he attended the Sewickley Presbyterian C hurch, 


of which he was twice elected. a ‘Trustee. sit) 
Mr. ‘Taylor was married in to ‘Miss Marianna § Satterthw aite, of 


Oxford Valley, Pa, by whom he is survived. ‘He also leaves three daughters, 
Charles A. “Woods, ‘Miss Bertha A. ‘Taylor and Miss Rebecca W. aylor, hr 
sire all of Sewickley, and one son, Edward B. . Taylor, Jr., Assoc. M. Am. Soe. C.E, m 

Superintendent. of the “Marietta, Division of the Railroad, ith. 


1om he lived and , 


“There are but few men in the Valley whose death would be 7 
great a public loss as is that of Edward B. Taylor. Known and liked in 5% 
a personal way by every one, he was regarded by all_ with a most unusual | 
respect because of his long and valuable service to Sewickley and to the Valley. 


ae ‘The same skill, knowledge, broad vision, and safe judgment which brought 


teas him pre-eminence in the management of a great railroad system’s affairs, had © 
for many years: been placed at service = community 
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MEMOIR OF R. RAL PH BENJAMIN ALLEN : 
its needs, andl — been instrumental in contributing much to its welfare and 
5 . will contribute much more in the future as improvement plans not yet brought Pe) 
to completion are worked out by other hands. Few men have given so freely, 
so effectively and so unobtrusively of their time and wisdom in a constructive 
way to the guiding and betterment of public undertakings in their: home 


communities, and Mr. Taylor’ death i is. a loss indeed to this Valley.” 
‘Taylor was: elected a of the American Society of Civil Engi 


RALPH BENJAMIN ALLEN, Assoc, Am. Soc, C. 


Allen, the son Williard and Sarah Anne 


(Marsden) Allen, was s born at Ithaca, N. Rm , on August 31, 1883. 


received his early education i in n the public schools of New York State. Br rom 
1908 to to 1909 he v was in the employ of the United States Government, in con- 
with pier and crib construction on Lake Ontario. 


1909 to 1912, ‘Mr. Allen was “engaged as Tracer and also as a 
‘neering Draftsman i in the office of the State | Engineer of New York, detailing 
and. estimating in connection with Barge Canal | bridges. A From 1912 to. 1914 


“ei: 


“he was connected with the Beaver Board Company, and also with the Shawmut 


Manufacturing Company, as “Assistant Engineer in charge of design and 


construction, and also as Assistant to the Chief Engineer i in connection with | - 


a 7 500- -h. Pe hydro- electric development and a steel and concrete pulp and 


Bh a: From 1914 to 1915 Mr . Allen - was” Bridge Engineer in the office of the 


State Engineer of J New York, in connection with the design of bridges over 
ti iy 


Canal. ‘From 1915, to he was Assistant to ‘the writer, and 


aining Camp. 


in “charge of and construction, he remained ‘until Sep 


tember, 1921. From September, 1921, “until: the time of his death, he 


Mr. Allen died very suddenly on Ju une 1922, at Albany, N. Y. was 


‘married in Binghamton, “on December 20, 1906, to ‘Marguerite May 
Finch, by whom he i is survived. 


Mr. Allen was devoted to his engineering work, in which he was intensely 
interested. He was of most pleasing personality a thorough and con- ae 


otkman. He had many “devoted ‘friends, whom his untimely 


r 


death is greatly regretted. vat otal oft 


Engineers o on March 13, 1917. it br 


Memoir prepared by William Russell ‘Davis, Assoc. Am. Soe. C. 
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SOHN EARL SHOEMAKER, x. Am. Soe. C. E* 
la . 


OS 


ohn Karl Shoemaker was born i in Charleston, TIL, o on ‘September 26, 1881. 
He was educated at the University of Illinois, was graduated with the highest 7 
honors of his class, and received his A. B. degree in 1903. 


= His first engineering work was with the Wi isconsin B Bridge and Tron mn Com-— 
"pany. os From 1905 to 1907, che was connected with the U. Ss. Reclamation 
Service on various projects. < From 1907 to 1909, he 1 was with the Departamento 
de Obras Publicas, Cuba, and had charge of designing and constructing sever al 


large water- supply systems, From 1909 to 1912, he was employed as Design- 
if ban ithe piv. f 

- ing and Construction Engineer for various irrigation Pst.’ in Colorado, 


= 


>a! 


1918, the position of. with Port of Seattle a 
charge of outside construction. Th April, 1915, he > Was made As sistant Chief 


Engineer, and | remained i in ‘that capacity 1 until March, 1916, at which time he 
resigned to form a partnership | with Peter Swensson, under the firm name of 


Swensson and. Company, ‘General Contractors. ‘This partnership lasted six” 


during which time work on ‘many important, contracts w was done. 

occupied the positions of President and Secretary, respectively, of the Seattle - 


Master Builders’ Association. 


In the spring « of 1922, after refusing a responsible ‘Position with the Asia 
% ‘Development Company, of Shanghai, China, Mr. Shoemaker accepted a p posi- < 


a was the first man killed i in| the cowardly and disgraceful riot at that place on 
une 2 22, 1922, while defending the Superintendent of the mine, cripple, 


ee was being mistreated by the strikers. He is survived by his widow and three a 


was a ‘man qualities and charming disposition, 


and commanded the respect and esteem of all who knew him. 7 He was an able ss 
noted for his tact and in handling men, was an 


tion as Chief Engineer of a large coal mining company at Herrin, Tl. He 


HILMAR FREDERICK SMITH, Assoc, M. Am. ‘Soe. C. E. 


3 


Frederick ‘Smith was born at New Brunswick, N. on | January 


13, 1892, , his” parents being the late Dr. John B. Smith, formerly. Professor 
of "Entomology Rutgers: College and State Entomologist: of New J ersey, 


* Memoir prepared by G. F. Nicholson, M. ‘Am. Soc. 
Memoir Prepared by B. F. Vandervoort, Assoc. M. Am: 
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MEMOIR OF HILMAR FREDERICK SMITH 


-and Marie von Meske Smith. He ‘was educated at Rutgers” New 


Brunswick, N. J. , Teceiving the e degree. of B. Se. in in 1913, the degree « of Elec- 
trical Engineer i in 1920, and the degree of Civil Engineer i in 1922. apg paeet 


with the General Electric Company, at Schenectady » N. ge with which com- 
he was engaged o on the testing of. electrical apparatus from September, 


1913, to March, 1915. From March, 1915, to July, 1916, he was engaged as as 
Assistant Engineer and later as Construction Superintendent with the — : 
‘Nitration | Works, Millville, N. J ,ine connection with the construction of a 
$1 000 000 gun e cotton plant. . From July, 1916, to March, 1917, he wa was : employ eyed 


Mr. Smith first began practicing his profession as a St Apprentice 


macadam ‘road construction. ‘March, 1917, to Apr 1: 1918, he ws was em- 
ploy ed by the Pennsy lvania on the New York Division as Transitman, 
He entered the Government service in April, 1918, at U ce. Nitrate Pl Plant — 
No. 2, Muscle ‘Shoals, Ala., holding at that plant the po: ‘position of Inspector 
Construction and Mechanical Superintendent, acting as Technical 
y ‘Assistant to the Commanding Officer. In July, 1920, he was transferred from 
the Ordnance Department to the Construction Service, Quartermaster Corps, 
as Assistant Supervising Engineer, in charge of the Waco Quarry Project, — 
Russellville, Ala., during which assignment he was in responsible charge of 
work: amounting to $535 000. In. September, 1921, he was. ‘transferred to 
Scott. Field, Belleville, as Supervising Engineer for the Construction 
ice of the Quartermaster Corps: of the Army, at which station he was in — 
‘responsible charge of the engineering ; and nd inspection incident to the construc- 
tion of a $1 300 000 airship hangar. 
‘The work e entrusted to Mr. _ Smith’s superv rvision during his service with fs 
the Government v of considerably greater. responsibility than that usually 
a man n of his age, but: his along both theoretical 
| 
profession, enabled him to his at all times in a manner hichly 
_ satisfactory, and such as would have been a credit to a much older man than = 
himself. a man he possessed none but the most sterling characteristics, 
was universally respected and admired by all his associates. His 
= a distinct loss te the Engineering Profession, in which he was taking a 


foremost place for a man of his years, n not only by carrying on successfully | : 


important work which he engaged, but as a contributor 
to the technical press, 


il Engineers on November 25, 1918. 
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